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EDITOR'S NOTE 


The enthusiasm triggered by the "International Congress of Mathematicians 2010" 
took the shape of this volume on "Ancient Indian Mathematics". This is a humble 
attempt to draw the attention of the world mathematicians towards the mathematical 
achievements of ancient Indians. We are aware that India was not the only land 
where Mathematics sprouted up in those remote pre-historic early days of human 
civilization and that is why almost every essay of this volume attempted to compare 
the mathematical achievements of each Indian mathematician with those of his 
contemporary counterparts, elsewhere in the world. 


Even though there were several other ancient Indian mathematicians whose works 
are available today (apart from those that were burnt and spoiled in invasions etc.), 
we could select only 22 of them, purely for reasons of crave for compactness, but we 
tried to cover the long period of history, starting from the Vedic period to 1500 AD. 
It is commendable that all the illustrious authors of these essays, who excelled in 
their respective fields of Mathematics, maintained sense of equilibrium and brevity. 
We congratulate and thank each one of them, more so for their ready response to our 
call for papers on non-routine subjects, at a short notice. 


In view of the achievements and popularity of Sri Bharati Krishna Tirthaji and Sri 
Srinivasa Ramanujam, we have added an addendum to accommodate two essays on 
their achievements, even though they do not belong to ancient periods 


Our special thanks are due to Prof. V. Kannan, Pro-Vice Chancellor, Hyderabad Central 
University, Hyderabad, whose continuous encouragement and guidance made this 
volume a reality and whose enlightening foreword added value and vigor to the 
volume. 


We are deeply indebted to all our sponsors, advertisers and volunteers, whose 
encouragement and continuous help are the real life force of this volume. Mr. B. Sai 
Kiran, Director, IMPACT deserves a special mention for his encouragement. Sri M. 
Sitarama Rao, our research coordinator and my co-editor of this volume, deserves, 
all the credit for the beautiful outcome of this volume. I thank all of them. 


Even though there were some earlier attempts on the theme of this volume, a 
combined effort of several experts of the field and an effort to focus on comparative 
study are, hopefully, the specialties of this volume and I am sure this attempt will 
lead to the furtherance of the efforts to evolve modern applications from the ancient 
lines of thinking. 


K.V.Krishna Murty 
Chairman, I-SERVE. 
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Here is a list of mathematical topics on whi 


Foreword 


Prof. V.Kannan, Pro Vice Chancellor, University of Hyderabad 


their pioneering work. This list is partial and nowhere near completeness. 


„ Decimal number system and place value notation. 
e The number zero. 

e Approximation for square roots of 2, 3, etc. 
e Pythagorus Theorem. | 

e Diaphontine equations like Pell's equation. 
e Binary arithmetic. 

e Formula for nCr. 

e Pascal's Triangle. 

e Trigonometric functions 

e Calendar making. 

e The value of pi. 

e Infinite Series. 


Given below are some of their appreciative comments extracted from several sources: 


“The Indians excelled in mathematics. Among their foremost achievements was the 
development of trigonometry.” — William Dunham in “The mathematical universe”. 


“How grateful we should be to Hindus, who found this great decimal system which does not 


occur to the minds of such mighty mathematicians as Archimedes and Appolloneous” — 
Laplace, French mathematician. 


“The geometrical theorem of l-47 which tradition ascribes to P 


ythagorus, was solved by the 
Hindus at least two centuries earlier’ 


—Dr.Thibaut, German scholar. 


"Mr.Colebrook has fully shown that al 


gebra has attained the highest periection it ever reached, 
in India before it was ever known to 


the Arabians” — Elphinstone, in “India”. 


“To whatever encyclopaedia, journal Or essay we refer, we uniformly find our numerals traced 
to India and the Arabs recognised as the medium through which they were introduced into 
Europe.” - Manning in “Ancient and medieval India". 


Aes D Е contribution is his treatment of fractions and his rule for dividing 
ne traction by another, which did not appear in Europe until the si B 
A.L.Basham, Australian historian . : Bc 


"To the best of my knowledge, Aryabhata's ratio re i 

SS OE 19е, Ar , 'epresents the earliest kn 
astronomic ratio with such incredible accuracy (29.3064693572) . It SU DES mo pen E 
fact has gone unnoticed to this date."- James О. Jacobs (1998), WWW.jgjacobs.net Ў 


"He (Bhaskara) wrote a highly sophisti 


2 cated mathemati 
centuries, the development of such tec поа! text that preceded by several 


hniques in Europe “— Dr.David Gray. 
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ch western historians are eulogising the ancient Indians for 


"If one understands by algebra the application of arithmetical operations to complex 
magnitudes of all sorts, whether rational or irrational numbers or space-magnitudes, then the 
learned Brahmins of Hindusthan are the real inventors of algebra". — Henkel in "Geschcate 
der Mathematics in Alterthum and Miltelater". (1874) 


"We confess that we did not expect to find it (formula for area of a triangle) in the geometry of 
Hindusthan." — a writer in Edinburgh Review. 


"The earliest known appearance of binomial coefficients is in a tenth century commentar due 
to Halayudha on an ancient Hindu classic" — Dr.Donald E.Knuth in "Fundamentals of 
Algorithms". 


"In the whole history of mathematics, there has been no more revolutionary step than the one 
which Hindus made when they invented the sign 0 for the empty column of the counting frame.” 
– Lancelet Hogben in “Mathematics for the Million". 


"We may consider Madhava to have been the founder of mathematical analysis. Some of his 
discoveries in this field show him to have possessed extraordinary intuition" — Joseph in 
"The Crest of the Peacock", London (1991). 


"One of Parameswara's most remarkable mathematical discoveries was a version of the 
mean value theorem"- Connett and Robertson, University of St.Andrews, Scotland. 


"Was calculus invented in India?" — David Bressoud, College Mathematical Journal, (1995). 


"The approximations to the true value of the circumference with a given diameter exhibited in 
these three works, is so wonderfully correct." — Charles M.Whish (1832). 


If so many scholars praise the ancient Indian mathematics so unequivocally, unhesitatingly and 
unambiguously, we may ask why this fact is not publicised. Why is it that even Indian students of 
mathematics are not at all informed of these facts in their curriculum or elsewhere. One reason is that 
all the original works referred to above are in a language called Sanskrit; there are at present hardly 
a few hundred thousands of persons who can understand this language of ancient India. And most of 
them are not interested in the subject of mathematics. 


It is in this situation that the present book, a collection of essays, assumes a lot of importance. It is 
hoped that it splendidly serves three distinct purposes. First it critically examines in an unbiased 
manner the worth and antiquity of these old books. Second, it brings some of the obscure Sanskrit 
texts to the English readers, and provides a flavour and a glimpse of what lies in store there. For doing 
So, the authors who know both Sanskrit and mathematics have been made to present some facts 
cogently, in a manner that it includes material that is rarely available elsewhere. Third, it kindles the 
enthusiasm of many readers to learn Sanskrit and do research on those original texts. 


It is wished that more and more of such books will come out to serve the above causes. 


I-SERVE*on the occasion of International Congress of Mathematicians 2010* у 


СС-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


адні ard HAO патч AAA | 
WERT YR AAT A чата ARITA! | 
yathemam vacam kalyani mavadani janebhyah. 


brahmarajanyabhyam sudraya caryaya ca svaya caranaya - (Y ajurveda 26.2) 
I (the almighty) pronounced this auspicious sound (the Veda) for the well being of all the mankind - 
the scholar, the warrior, the field worker and the merchant, both men and women. 


An institution striving hard to unearth the technical details of ancient Indian sciences, hidden in Vedic & 
Post Vedic ancient literature 

Chairman & Managing Director — Prof. K.V.Krishna Murty 

Registered as a Charitable Trust with Head Quarters at Hyderabad in June 2004. 
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The Institute is also recognised by Income Tax Department, Govt. of India, as a scientific organisation 
and donations to -SERVE are exempted U/s. 35(1)(11) of the I.T. Act, which provides 125% weighted 
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exemption U/s. 80(G)(5)(VI) also. 
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Scientific Volumes published — 8 * Other publications — 15 * Projects completed - 2 


Chapters: 
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BACKGROUND — 


The ancient Indian Civilization was very advanced and very scientific in development. The marvel of the scientific 
progress of those times is gradually revealing itself. Scriptures like Vedas, Upanishads, Puranas, Shastras Epics 

Agamas and Samhitas are treasure troves, that bear within them the secrets and mysteries of the scientific ixesdes 
and scientific inventions of those glorious times. These keep popping up as sparks, every now and then. However, 


intensive study and sustained research are needed to unearth and unravel such profound scientific knowledge for the 
benefit of entire humanity. s 


MAIN OBJECTIVES 


e To identity, collect, categorize and study Vedic and Post Vedic Indian Literature with the object of 
deciphering and discovering scientific theories, techniques and knowledge contained therein. 


e  Toacquire originals/make copies of rare manuscripts, including tho i ist i MASSEN 
Manuscripts but are not available. г т = sted by National Mission for 


vi 


Ancient Indian Mathematicians 
CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


aa ea Aae emer sla naa a a О t T 
, 

j 

| 


e Toundertake scientific research in all branches of Science for the extension of knowledge in the fields of natural 
or applied sciences including physics, chemistry, medicine, mathematics, agriculture etc. 

e  Toco-relate the ancient scientific wisdom with modern science with the objective of providing nature-friendly, 
non-hazardous and pollution-free technologies particularly in the fields of agriculture, energy, metallurgy and 
medicine etc. 

e To undertake sequential dating of the astronomical references in ancient Sanskrit Manuscripts by making use of 
Planetarium software and co-relate these with archaeological, geological, anthropological and ecological research 
reports in order to scientifically determine the dates of ancient events. 


The Vision of I-SERVE is to be in the forefront in contributing to the progress, development and welfare of humanity 
by undertaking advanced studies and research to unearth the treasure trove of scientific knowledge, hidden in Vedas 
and ancient scriptures. 


The Institute realizes its Vision in terms of a Mission with certain Goals supported by Action Strategy that would 
convert these Goals into specific Tasks, such as- 
e Become an effective instrument to contribute to human development and welfare based on Vedic scientific 
postulations and applications, 
e Actas a Forum facilitating involvement of dedicated and committed scientists, technologists and social 
scientists for undertaking Vedic studies and research, 
e Blossom into an advanced Institute on Vedic studies and research, 
e Serve the cause of development by offering expert services based on Vedic knowledge and ancient scriptures, 
e Harness and foster the vast and varied experiences that India has gained in various branches of Vedic 
knowledge, 
e Contribute to the effort of ushering India to be in the forefront in the advanced technologies and build ‘core 
competence’ in specific areas of Vedic knowledge, 


ERIE LSE ТЕЛШ 


PROJECTS UNDERTAKEN BY L-SERVE 


eas ins oes Didi dE weiner А ыл 


1. Projects relating to Research in Ayurveda: 


[Contributions of Nagarjuna in the Field of Indian Alchemy (ii) Isolation of compounds and microbial examination 
of characteristics of Strychnios nuxvomica (Vishamusti) for treatment of Diabetes mellitus (iii) Generating evidence 
base on Vataari Rasa for Sandhivaatha (osteo arthiritis) (iv) Medicinal References in Adharvana Veda (v) Anti 
Microbial properties of selected Kashayams (Decoctions & immuno modulatory effect with respect to microbial 
activity) (vi) Medicinal references in Tantrik Literature, translation, evaluation and publication (vii) Critical study of 
Ravana Samhita in treatment of diseases, special reference to Garbhini Chikitsa (viii) Bhavishya Purana etc., in the 
treatment and relief from poisons (ix) Applications of computer search Drives for Devanagari Scripts for Sushruta 
Samhita (x) Generating evidence base drug Medo Vriddhi chikitsa (Treatment of Hyperlipdemi)] 


2. Computer Search drives to Charak Samhita & Sushrut Samhita: 

After 3 years of sustained research, I-SERVE developed computer search engines for Devanagari script and these 
engines were successfully applied to Charak Samhit, a classical text book of Ayurveda. The research scholars of 
I-SERVE are now working on extending these search drives to Sushrut Samhita. 
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3. Projects relating to Ancient Mathematics and Astronomy. 
One book “Glimpses of Vedic Mathematics" already published 
Vedic Algebra and Vedic Geometry are ready for publication. 


and three books titled - Vedic Arithmetic, 


Aresearch project for developing anew computer logic by utilizing Panini’s fi ramework of Sanskrit Grammar 


is in progress. 


e Aprojecton Almanac related Astronomy has revealed striking similarities between ancient Indian observational 


Astronomy and modern computerized astronomical calculations. 


4. Dating of ancient events by using scientific tools 


Extraction, translation and sequential dating of astronomical references in Sanskrit Manuscripts / Books 
from Rigveda to Aryabhatya by making use of Planetarium software and co-relation with ecological, 
archaeological, geological, and anthropological research reports for scientific reconstruction of history of 
the world. 


5. Project related to Astronomy & Cosmology 


орен я 


ET оа оиа 


© 


10. 
11. 


Almanac related Astronomy — а comparative study between the ancient & modern methods. 
Translation of Aadbhuta Sagara, written by Ballabasena of 11" Century A.D. 

This isa great astronomical and astrological work which can be compared to the illustrious Brihat Samhita 
of Varaha Mihira. Infact this work contains better, varied and systematized information when compared to 
Brihat Samhita. Its English translation is not available so far and I-SERVE has taken up this work, so that 
further comparative studies on this subject can be pursued in due course. 


Project relating to Prediction of Rainfall, Cyclones & Earth Quakes by compiling ancient data 
Project on New Computer Logic Based on panini's Sanskrit Grasmmar 

Project related to Pasu Sastra 

Project on Earth Science & Environment and so on. 


IMPORTANT CONFERENCES ORC 


National Conference on “Vedic Knowledge: Contemporary relevance" - 2005 

National Conference on *Ayurvedic Medicare as Evidence based Medicine" - 2006. 

"Work Shop on Vedic Sciences" — 2006 

Symposium on "Scientific References in Telugu Literature" 2006. 

"Seminar on Krishna Yajurveda” 2006 

“Work Shop on Vedic Sciences" - 2006 

паа seminar “Vedic Astronomy & Cosmology” 2006. 

ational Seminar / Workshop on Vedic Science jointly organize. - i 

Association V.S.R. & N.V.R. College, Tenali d 2]* ЕА Бос МЕ 
Workshop on “Уейїс Geo-Sciences" - 2007. 

EA а үн (Orthritis) and Medhovridhi (Obesity) 2007 

‘National Seminar Cum Workshop on Vedic Science” Jointly Organi - 
Bhasha Sangham, P.B. Siddhartha College of Arts & EE EE ee 
Three day Introductory classes on Panchanga Siddhanta (Almanac related Astronomy) 2007 


International Conference on “Indian Science in the Pre- Adi S i 
E k 29 
Mega Free Medical Camp - 2007. puo 


National Seminar/ Workshop on Vedic Sciences was iointl i 
University 2008 Jointly organized by I-SERVE and Acharya Nagarjuna 
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National Conference & Advanced Training Programme on “Ayurvedic General Practice" 

(CME Programme) 2008 

National Seminar on “Spectrum of Vedic Sciences" 2008 

Workshop on “ Glimpses of Vedic Mathematics for Young Students” 2008 

A National Workshop on “Physics to Metaphysics” 2008 

National Conference on “ Acharya Jagadish Chandra Bose and Ancient Indian Scientific Thought” 2008 
Seminar on “Vedic Thought — A Perspective of scientific Mind” 2009 

3day National Workshop on “Computations of Planetary Positions & Almanac” 2009 

National Workshop on “Sciences in Ancient India—Their utility in modern science-" 2009 

3day National Workshop jointly organized by I-SERVE & Bhavan's Gandhi Centre of Science & 
Human Values on “ Indian Astronomy — Planetary Positions, Eclipses & Panchanga * 2009 

An invited speech on “History of Indian Astronomy" by Dr Kosla Vepa of Pleasanton, USA on 2009, 
One day workshop on Glimpses of Vedic/Ancient Mathematics 2009 . 

Two day National Conference on “Indian Traditional diets and Health Care" 2010. 

National Seminar on the aspects of “Mathematics Available in Tantra Shastras" 2010. 

2 day National Seminar on “Vedic Mathematics- Past — Present and — Future” was conducted by I-SERVE 
in association with Shiksha Sanskriti Utthan Nyas (SSUN), New Delhi, - 2010. 


[- ЕБ RVE PUBLIC) 


2005 National Conference on “Vedic Knowledge” Volume 


il. 
2: 2006 National Conference on Ayurveda Volumes I & II 
5% 2006 National Seminar on “Astronomy & Cosmology” Volume 
4. 2007 Introductory Classes on *Panchanga Siddhanta” Volume 
S 2007 International Conference on “Indian Sciences in the Pre-Adi Sankara Period” Volume 
6. 2008 National conference on “ Ayurvedic General Practice" Volume 
ile 2008 National Conference on “Acharya J.C.Bose and Ancient Indian Scientific Thought" volume 
8. 2009 National workshop “Computations of Planetary Positions and Almanac” volume 
9 Spectrum of Vedic Sciences. 
10. Sanatana Desamlo Adhunatana Vijnanam 
11. Modem Science in the Ancient Land 
12. Yogataaravali (Telugu) 
13. Yogataaravali (English) 
14. Сапеѕһа Ѕагуапоіпі Struti (Sanskrit) 
153 Hymn to Ganesha (Sanskrit & English) 
16. Chituku Chikitsalu ( Dr. M.Paramkusa Rao ) 
17. Intinti Vaidyam (Dattamrutam) (Dr. IL.Ramakrishna) 
18. Glimpses of Vedic Mathematics for quicker solutions 
19.  Vedaallo Science Vundaa 
20. Religion Demystified (Dr. V. Ramesam) 
21. Catalogue of Ancient Indian Scientific Manuscripts in A.P. 
22. Sambhormurti (Telugu) 
23. The Two Facets of Geometry (Dr.G.S. Murty) 
24. Charaka Samhita CD (Digital Word Search Engine in Devanaeari Script) 
25) Ancient Indian Mathematicians 
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PRESE er Lie. 

I-SERVE is proposing to acquire suitable land and building in Hyderabad so that various faculties could be housed 
inone complex. These faculties include: 


SKR = School of Krishi ST = School of Tantra 
SBS = School of Bhoogarbha Sastra SS = School of Stapatya (Engineering ) 
SNIS = School of Nidhi Sastra SD = School of Dhanurveda (Archery) 
SMT = School of Loha Sastra SG = School of Ganitha (Maths) 
SMS = School of Medical Sciences(Aushada) SVS = School of vimana Sastra SV = School of M rikshaayurveda 
SMIS = School of Miscellaneous Sciences SKIS = School of Kirana Sastra SPS = School of Pashu Sastra 
| SEP =School of Fauna and Flora (Jantu Jeeva Sastra) SNAS = School of Nakshatra Sastra SVU = School of Vana and Upavana 
SWO = School of Website Organization SKS = School of Khagola Sastra SY = School of Yadas 
SM = School of Manuscripts $А= School of Ayurveda SWS - School of Web Search 
SOP = School of Out of Print Books SMU = School of Mulika SWM = School of Website Management 
SPRF = School of Previous Research in the Field SRS = School of Rasayana Sastra (Please see the diagram at the end) 


RAC = Research Advisory Committee 

SBS = School of Book Search (Akaranweshana) 
SES = School of Earth Sciences (Bhusastra) 
SSS = School of Space Sciences (Akasha Sastra) 


ORGANIZATIONAL STRU 


«SERVE has full pledged offices equipped with computers, telefax, at Hyderabad, New Delhi and Tirupathi. 


e A Library with 10,000 volumes of ancient sciences, modern sciences, Vedic Sanskrit Literatures etc., in Hindi, 
Telugu, Tamil, Kannad, English, and Sanskrit, collected from various institutions, libraries and universities 


across the country. 
e J-SERVErunsacharitable Ayurvedic Dispensary supported by the consulting Ayurveda Physicians, helping 
10,000 patients per annum which also facilitates collection of database for various research projects. 
e There are memorandums of understanding with Universities, Institutes and Post Graduate colleges for R&D 
studies on Ayurveda, Charaka Samhita, Sushruta Samhita, nutrition, environmental protection etc. 
e SES is governed by a Board of Directors consisting of eminent scholars, scientist and academicians in 
addition to several committees, as given below: 
Chairman & Director General 
Prof. K.V.Krishna Murthy 
1,Prof. Dr. D.Swaminathan, Ph.D, D Sc,FIE,FNAE 
:D, D.Sc, FIE.F 6. Dr. Md. Fayaz Ahamed 
Former Member, Planni issi у PE. 
E E Ee M А Member, Executive Council, N.T.R. University of Health 
. 2 d S i 
2. Smt. Saroj Bala , Member (Retd.), VA M n & Head, Dept. of Surgery, Guntur 
Central Board of Di i cr ык 
heck сане Taxes, New Delhi 7. Dr. R.T.S.Naik MBBS. M.Ch. (NIMHANS) 
Former mu DET New Delhi 25 аа Yashoda Hospitals, Hyderabad. 
4.Prof. P. Achvuta к - Ur. U.S. Sastry, M.Sc, Ph.D 
Professor, ue of Or que ae оона NESSUN 
cem pd em d Central Electronics Ltd Nee Delhi 
, ; Visiting 9.P ы; i р 
а ОВР | - Prof. Srinivasa Varakhedi, M.A. Ph. 
: eekshatulu, Fase, FNAE, FNASc, Director, Sanskrit Acad AM 
ormer Director of NRSA, Hyderabad сезаз 
SS 
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GUIDING COMMITTEE 


Sri Swamy Tattvavidananda Saraswati 


( A disciple of Pujya Sri Swamy Dayananda Saraswati ) 


deos Vice Presedent, Arsha Vidya Guru Kulam, Saylorsburg. PA, USA 
1. Padmasri Dr. Palle Rama Rao 3. Prof. V.Kutumba Sastry 
Member of Atomic Energy Commission & 
Brahma Prakash distinguished Professor, 
Department of Space. 4. Sri Pullela Sriramachandrudu 
2. Prof. G.V.S.R.K.Somayajulu Head of Dept.of Sanskrit (Retd), 
Dept. of Safeguards (R) , International Atomic Energy Osmania University, Hyderabad. 
Agency (IAEA-UN) Vienna, Austria (Europe), 

Scientist (Retd)BARC , Mumbai 


Vice Chancellor, Sampoornananda University, Varanasi 


1. Dr. C.H.S. Sastry GCIM.,D.Ay.M, FRAY.Ph.D 8. Dr. M.A.Virinchi B.A.M.S, M.B.A (NU) 
Director (Retd) National Institute of Ayurveda, Jaipur. Ayurveda Practitioner & Manufacturer. Hyderabad 
Ex- Director, ISM , New Delhi 9. Dr. Vemula Bhanuprakash B.A.M.S 

Ex- Director, CCRAS, New Delhi. Editor : SFPA - Ayurvedic Monthly Journal, Nellore 
Ex- Advisor (Ayurveda), Govt. of India , New Delhi. 10.Dr. V.Radhakrishna Murty, M.D. (Ayur) 

2. Dr. S. Chandrasekhar M.sc, Ph.D Professor & Vice Principal (Retd) 

Deputy Director, Scientist - F, IICT, Hyderabad Govt. Ayurvedic College, Hyderabad 

3. Dr. С. Rangaiah GC. M., M.B.B. S. D.C.P, 11. Dr. B.Subba Lakshmi, M.D. (Ayur) 

Deputy Civil Surgeon (Retd.) Hyderabad. Professor, Govt. Ayurvedic College, Hyderabad 

4. Dr. M.V. Jagannadham M.Sc, Ph.D 12. Dr. M.Radhakrishna Murty, M.D. (Ayur) 
Scientist E-1,CCMB, Hyderabad. ARO, Govt. Ayurvedic College, Hyderabad 

5. Dr. G.S. Murthy M.Sc, Ph.D 13. Dr. B. Murali Mohan, M.D. (Ayur) 

Specialist in Tantrik Mathematics.Former Scientific Officer, AR O.Govt. Ayurvedic College, Hyderabad 

Bhabha Atomic Research Centre, Mumbai. 14. Dr. K-Rayinder , M.D. (Ayur) 

6. Dr. M.Paramkusa Rao B.A.M.S, M.D, Ph.D Professor Govt. Ayurvedic College, Warangal 
Asst. Professor, S.V.Ayur. Medical College , Tirupati 15. Dr. S.Ramalingeswara Rao, M.D. (Ayur) 

7. Dr. B.Dhanvantri Acharya M.B.B.S., D.O., Ayurveda Professor, Govt. Ayurvedic College, Hyderabad 


Visarada, Brundavan Nursing Home, Machilipatnam 


1. Prof. Tirupathi Rao 

Honorable Vice Chancellor ,Osmania University, Hyderabad 3. Dr. Bhagavatam Rama Rao 

2. Prof. V.L.S. Bheema Sankaram D.Sc. FNA Formerly: Director, Indian Institute of 
Former Chairman & Managing Director Panchakarma, Cheruthuruthy, Kerala. 


A.P.Mineral Development Corporation, Hyderabad 


1. Prof. V.L.S. Bheema Sankaram D.Sc. FNA 5. Dr. GJanardhana Reddy 

Former Chairman & Managing Director, A.P. Mineral Central Council for Research in Homeopathi, 
Development Corporation,Hyderabad Govt. of India, New Delhi. 

2. Dr. Bhagavatam Rama Rao M.A, GCAM.,BoL 6. Er. M.Sreenivasulu — 

Formerly: Director, Indian Institute of Panchakarma, Sri Srinivasa & Manasani Constructions, Hyderabad 
Cheruthuruthy, Kerala. 7. Sri Pingali Jagannadha Rao 

3. Justice P.N. Sharma Rtd. Principal, Malota Memorial Girls College, Hyderabad 
Former Judge , High Court , Hyderabad 8. Sri C.B.K. Sastry 

4. Sri Challa Sambi Reddy Senior Geo Physicist, GSI, Hyderabad 


President, Pavani Seva Samithi, Hyderabad 


Ў I-SERVE*on the occasion of International Congress of Mathematicians 2010* xi 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


1. Prof. K.V.K.Nehru M.E. Ph.D 
Advisor, R&D cell, JNTU, Hyderabad. 


2. Sri P.S.Sastry, 


M.D., Ramkamal Labs, Hyderabad. 


1.Dr. D.R. Rao M.Sc, Ph.D 
Managing Director, M/s. Neuland Laboratories Ltd. 
Hyderabad 

2. Sri Konijeti Ashok Kumar ' 
Managing Director, K.M.G. paradise Function Halls, 


Mehdipatnam, Hyderabad 


1. Sri M.Seetarama Rao M.Sc, M.Ed ; 

Lecturer (Retd) Saraswati Group of Institutions, Hyderabad 
2. SriS. Jayaraman 

Executive Trustee (Sri Ganapathi Sachchdananda Trust) 


Chennai 


xii 


1.Prof. S. Balachandra Rao M.Sc. Ph.D 
Former Principal & Prof. of Mathematics. Hon. Member 
INSA -Bangalore. 
2. Sri Bhagavatam Rama Rao M.A, GCAM.,BoL 
Formerly: Director, Indian Institute of 
Panchakarma, Cheruthuruthy, Kerala. 
3. Dr. Suryadevara Ravi Kumar, B.V.S.C 
Veterinary Doctor, Guntur 
4. Dr. C.Nagalakshmi, M.Ed, Ph.D 
Principal, St Alphonsa College of Education, Hyderabad 
5. Prof. D.Prahladacharya 
Former Vice Chancellor, Rashtriya Samskruta 
Vidyapeetham, Tirupathi 
6.Prof. Lanka Hanumath Sastry 
Professor of Mechanical Engineering ( R), Osmania 
University, Hyderabad 
7.Prof. K.Sankara Sastry 
Prof. of Astronomy (R ), Osmania University, Hyderabad 
8.Prof. GM.Ballabh 
Prof. of Astronomy (R ), Osmania University, Hyderabad 
9.Prof. K.Srirama Murty 
Retired Professor, Osmania University, Hyderabad 
10.Prof. K.Ravindranath 
Prof. of Physics (R ), Osmania University, Hyderabad 
11.Prof. P.N.Sarma 
Prof. of Chemistry (R ), Osmania University, Hyderabad 
12.Dr. Chirravuri Sivaramakrishna Sarma 


Reader & HOD ,( R), Telugu department, National College, 
Machilipatnam 


13.Dr. M.Ramakoteswara Rao 

Lecturer (R ), Sanskrit, Guntur 

14.Pandit K.S.G.Bilwesha Sarma 

Sanskrit Pundit, Hyderabad 

15.Prof. D.Peramma 

Former Professor of Nutrion, S.V. University, Tirupati 


16.Dr. K. Vasudeva MurtyPrincipal (Е), CSR Sarma 
College, Ongole 


17.Dr. K.B.S.Prasad 
Director (R ) IICT, Hyderabad 


3. Sri N.Murali Krishna 
M.D. JLM Aircon , Hyderabad 


3.Sri T. Parthasarathi 
Rtd. General Manager, 
Andhra Bank, Hyderabad 

4. Sri M. Narasimhappa IRS 

Chief Commissioner of Income Tax(Retd) 
Hyderabad 


Emeritus Professor, Department of Chemistry, 
S.V.University, Tirupati 

4, Dr. Ravi Prakash Arya 

Chief Editor, Vedic Science Magazine, 

New Delhi 


FACULTY MEMBERS 


18. Sri Ravva Sri Hari 

Former Vice Chancellor,Dravidian University, Kuppam. 
19.Dr. K.B.S.Prasad 

Dy. Director (Retd. ) IICT, Hyderabad 

20. Prof. M.Vijayasree, M.A. Ph.D 

Professor, Dept. of Sanskrit, Osmania University, Hyderabad. 
21. Sri P. Sarada, M.Sc 

HOD, Mathematics, Andhra Mahila Sabha, O.U, Hyderabad 
22. Prof. N.L.Mohan 

Prof. & Head, Centre of Exploration, Geo Physics, Osmania 
University, Hyderabad 

23. Prof. C. V.B.Subramanyam 

Dean — Dept. of Social and Other Sciences, Telugu 
University, Hyderabad. 

24. Prof. GM.Ballabh 

Prof. of Astronomy (R ) , Osmania University, Hyderabad 
25. Dr. G Janardhana Reddy 


Central Council for Research in , Homeopathi, Govt. of India, 
New Delhi. 


26. Dr. V.V.S.Rama Sastry 

Professor ( R ) Govt. ВЕКЕ Ayurvedic College, Hyderabad 
27.Sri Vasudeva Rao Vadoothkar 

Scientist, DRDL, Hyderabad 

28. Dr. Y.V.D.Nageswar 

Scientist, IICT, Hyderabad 

29. Dr. LSuryanarayana 

Scientist, IICT, Hyderabad 

30. Dr. C. V. Ratnavati 

Sr. Scientist, Biochemistry, NRC 

RURSUS NN А АКЫ 
Fellow of Science Grou 
(R)JNTU, Hyderabad 
32. Sri Madhura Krishna Murty Sastry 
Editor, Jyotisha Vignana Patrika, Rajahmundry 
33. Sri Malladi Narasimha Murthy 

Engineer & Mathematician 

34. Dr.Suresh Ph.D (Chemistry) 

Mylan Laboratories, Hyderabad. 


p of Theosophical Society, Director 


Ancient Indian ma themati cians 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


DESERVE SOLICITS SUPPORT AND PARTICIPATION 


In Ancient times when knowledge reigned supreme Bharat (“Bha’ means Knowledge and ‘rat’ means lover) 
was the most respected leader or the world. The wheel has turned full circle and again India is leading the world in 
Information technology and software development. If our ancient wisdom is unearthed and developed by using 
modern scientific tools, we shall certainly fulfill the dream of our revered ex-President of India Sri A.P.J. Kalam by 
making India a fully developed nation leading the world before the year 2020. I-SERVE makes an earnest appeal to 
all the scholars, individuals, institutions, Companies and Trusts to encourage our research activity by making generous 


donations, as activities of SERVE depend entirely on voluntary donations. 


• All income tax assessees, having income from business and profession, are eligible to weighted deduction of 
1.25 times of the sums donated to I-SERVE u/s 35(1)(ii), whereas all other donors are eligible to 100% 
deduction of sums donated under section 80GGA of Income Tax Act.- 

e Donations in the form of DD/Cheque may be drawn in favour of I-SERVE, payable at Hyderabad or and may 

be sent to Hyderabad address of I-SERVE. 
АП donations made to I-SERVE are deposited into AXIS Bank Ltd. A/c. No. 235010100139359, 
Dilsukhnagar Branch, Hyderabad 
e Itis further informed that I-SERVE is registered under FCRA, Govt. of India, vide registration 
n0.010230746 (Education) dated 22" September, 2008 and all foreign donations can be deposited in 
A/c. No. 909010039494633, AXIS Bank, Dilsukhnagar Branch, Hyderabad. 


Those who feel interested in activities and objectives of I-SERVE are requested to enroll as members in two ways 


Application form may be downloaded from our website www.serveveda.org or may be obtained through e-mail. 


Sanskrit Scholars, Mathematicians, Astronomers, Ayurvedic Doctors, Archaeologists, Geologists, 
Anthropologists, Ecologists, Space Scientists and Researchers of Vedic Sciences are invited to contribute in carrying 
forward the laudable research activities of -SERVE and may express their interest through e-mail or through 


telephone call. 


Some blood transfusion from the East to the West is 
must to save Western Science from spiritual anaemia 


- Erwin Schroedinger -Noble Laureate 


I-SERVE*on the occasion of International Congress of Mathematicians 2010* xiii 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


CONTENTS 


Page no 
jii 
Editor’s Note 
Ту-у 
Foreword (Prof. V. Kannan) 
vi-xiii 
About I-SERVE 
1-10 
1. Lagadha 
Prof. V.Kannan : 11-15 
2. Mathematics in the Vedas 
Prof. K.V Krishna Murty 16-25 
3. Sulvasutra in a Nutshell 
Prof. Shriram M.Chauthaiwale 
A 26-26 
4. Geometry in Tantra 
Acharyasri Vadlamudi Venkateswara Rao 
5. Maharshi Pingala Chandasutram and Computer Binary Algorithms 37-49 
Sri Rajendran Marippan 
6. Aryabhata: The Great Indian Mathematician and Astronomer 50-54 
Dr. P. Iyamperumal р 
7. Varahamihira : A Versatile Genius 55-64 
Dr. S. Madhavan 
8. Brahma Gupta 65-71 
Prof. Anant W. Vyawahare 
9, Mathematical Inventions 72-74 
Prof. Anant W. Vyawahare 
10. Bhaskara - I (600-680 A.D.) 75-76 
Sri V.G.Unkalkar 
]M. Sridharacharya c.750 A.D. 77-85 
Prof. Virendra Kumar 
12. ГаПасһагуа 86-93 
Mrs. Geeta T. Pande Ghormade 
13. Ganit-Sar-Sangraha of Mahaveeracharya 94-101 
Prof. Kailash Rath 
14. Govindasyami - A Virtuous Indian Mathematical Astronomer 102-107 
Prof. Bachubhai Rawal 
15. Shripati 
Prof. Bachubhai Rawal 108115 
16. Aryabhatta - II 
P DrS.Balachandra Rao , Dr.Padmaja Venugopal, Rupa.K Eu 
17. Bhaskaracharya - II eee 120-126 
DrS.Balachandra Rao,Dr. Padmaj д 
18. — Pavuluri Mallana maja Venugopal, Dr.S.K.Uma | 
Prof. PVArunachalam 127-133 
19. Chandra Sekhar Samanta 
Rupa.K, Dr.Padmaj 134-147 
20. Ganesa Diana. admaja Venugopal, Dr.Uma.S.K, Dr.Balachandra Rao 
ay : 148-158 
| Addendum Dr S.K. Uma,Dr.Padmaja Venugopal, DrS.Balachandra Rao 
n 1. Amaranthine Flower In The M ; : 
li eMath World Sa i à 
| GSuresh Babu Pling(Srinivasa Ramanujan) 159-168 
| 2. Н.Н Swami Bharati Krishna Tirthaji 
Dr. N.K. Soni 166-168 


xiv 


Ancient Indian mathematicians 
CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


LAGADHA 


Prof.V.Kannan 
Pro- Vice Chancellor, University of Hyderabad, Hyderabad.A.P. 


Abstract: In this article, the ancient Indian astronomer Lagadha is presented as a 
multifaceted personality. His traits and achievements are explained to those with 


a minimal knowledge of Sanskrit. The aspects touched upon are: 


1. Lagadha is an ancient author. 
2. Lagadha is a preserver of tradition. 
3. Lagadha is a devotee. 


4. Lagadha is an astronomer. 


5. Lagadha is a ritualist. 
6. Lagadha is a poet. 


7. Lagadha is a player of words with mild humour. 
8. Lagadha is a cryptic writer. 


9. Lagadha is wellversed in arithmetical calculations. 
10. Lagadha is a leader and populariser of astronomy. 


We illustrate these with four instances for each. 


l.Lagadha is the author of a small book called Vedaangajyotisham. This is the oldest available fullfledged text of 
Indian astronomy. It is a book of Sanskrit verses. The whole book does not exceed 7 or 8 pages. It is believed that 
Lagadha lived approximately three and a half thousand years ago. Though we may not be able to fix his exact age, 
we put forward four arguments to prove the antiquity of this work. These are based respectively on an astronomical 
clue, a linguistic clue, a structural clue and a content-based clue. All these four are internal evidences. We quote the 
actual passages in this book where these clues are available. Of these four, the first one has been elaborately 
explained by the historians of Mathematics. 


1.1.There is a passage in Lagadha's book that leads us to the conclusion that at his time the asterism sravishtha was 
in winter equinox. The sloka runs as follows. 

praapadyete shravishtaadau suryaacandramasaavudak. 

Saarpaardhe dakshinaarkastu maaghashraavanayostadaa 
If itis so, then by a fairly routine calculation, assigning 72 years for each degree (and therefore approximately 960 
years for each asterism or constellation) one can arrive at the fact that Lagadha's period could be around 1350 B.C. 
It should however be remarked that in the astronomical cycle of events, the same would have been the situation at 
27270 B.C. (and at 53190 B.C. etc.). But the historians rule out the possibility of so great an antiquity, for other 
reasons, that are not impeccable. We will now go along with them. After all. it is along the same lines, a rough date 


is assigned to the (still earlier) vedas also, by these scholars. 


1.2. The language experts have their own way of estimating the age of ancient texts. They look at the vocabulary; 
they see the style; they take the grammatical aspects into account; they compare these with other works of known 
periods. If we want to employ these methods for ascertainig the approximate age of Lagadha's work, we have to 
make the following observations. The language of араапа is occasionally (more often than not?) not understandable. 
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Here is what an expert writes: “It is mostly filled with unintelligible rubbish, and leaves us in the lurch as regards 
ere is s; “Itis mos 


valuable information" These are the words of Whitney, whom many ШАР uch 
Even a scholar who disagreed with this opinion of Whitney and questioned, “if unintelligible, how does he decide it 
is rubbish?", had lamented “of obscure terms and apothegmatic language" in Lagadha's book. The more unintelligible 
its Sanskrit, the more ancient it is likely to be. Even where the meanings of all words are understood, there are 


historians of Indian texts respect very much. 


occasions where the passage makes no sense. Here are two instances: 

mrudu pancadashaashtame. 

dyu heyam parva cetpaade. - s 
What does softness have to do in this context? What sense does it make to omit a day if parva is in the quarter? Is 
the book so old that the text has been mutilated? Can we make intelligent guesses what the correct version would 
have been? Thankfully, some scholars like T.S.Kuppanna Sastry (hereafter abbreviated as TSK) have already done 
this job. It is forus to continue it. Now it suffices to say that such a predicament is one of the indicators of antiquity. 


1.3.At the end of the book (Vedaangajyotisha) one finds a line (added later) which a novice may discard as 
nonsensical. But the traditionalists, who can compare this with what they learn at similar contexts of vedic recensions 
can decode what it is. 

pancasamvatsaram prapadyete kaaryaa: kalaa dasha ca yaa: 

parva savitaa vishuvam sapta. 
Comparing this with a line like “ishe drugmha bhuvanam ashtaavigmshati:" (atthe end of the first chapter of Yajurveda) 
one readily makes out that this is a sequence of words occurring in the beginnings of different subsections or at 
regular intervals. But the point that we are driving to is different. This practice of having such lines at the end (that are 
really пога part of the book) is solely intended for the convenience of those who get the whole book by heart. This 
practice must have been there only for those books that were in use before the practice of writing had a firm root. 
We don't find such a thing in the Sanskrit books authored in the last 2500 years. 


1.4.We look at the contents of the book, particularly the technical terms there. When most of the later astronomy 
books mention such terms as mesha raashi, vrushabharaashi, etc.(twelve parts of the zodiac), bhaanu vaara, somavaara, 
etc. (days of the week), and hora etc, we find that no such terms or their equivalents are found in Vedaangajyotisham. 
The units of time seem to be more or less (if not exactly) same as the ones mentioned in vedas. This adds strength to 
our contention that this book was composed at a time not far from the time of revelation of vedas. 


All these clues pave the way for concluding that the period of Lagadha is before 1150 B.C. We do not know how 
much before. 


2.Lagadha is a preserver of tradition. He values the vedic tradition very much. We prove this point through four 
instances. P 5 


2.1.Hed imorieinali - 
oes not claim originality, though there are some items that are not available to us from anywhere else except 


from Lagadha and his followers. But Lagadha explici i ver ehe ons 
: plicitly mentions tha i i 


kaalajnaanam pracaxate. shaastrajnai: smrutam. 


Они ан = А be actually correct when he says that these facts are known in India 
Sume pas - Lagadha, more than in creating new knowledge, takes pride in saying that h the 
knowledge of his ancestors. ying that he preserves 
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Av 
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2.2.He takes care to assert that his views are acceptable to his fellow-brahmins. He asserts that his findings are in 
conformity with the traditional knowledge. He is not a radical or a revolutionary thinker. This is what he writes in the 
beginning of his book: 

vipraanaam sammatam loke 
In another version of his book, the phrase is slightly modified as: 

sammatam braahmanendraanaam. 
Both mean the same thing. He works in tandem with other scholars of his time. The society that values traditionally 
acquired knowledge, accepts his astronomical records and findings. 


2.3.Lagadha attaches importance to that eternal system of knowledge called veda. He adores the vedic scholars. 
vidvaan vedavit ashnute. 

According to him, the fruits of the knowledge of astronomy are meant for vedic scholars. The entire subject is 

acknowledged as an ancillary subject of vedic studies. The main purpose of the knowledge of motion of celestial 

objects, according to Lagadha, is that it is essential for a vedic way of life. 


2.4.He subscribes to the traditional view that each asterism is governed by a presiding deity. 
agni: prajaapatissomo ... naxatradevataa hyetaa: 
It is seen that the entire list here is exactly as mentioned in Yajurveda, without even replacing them by their synonyms. 


These observations suffice to conclude that Lagadha is a preserver of a hoary and flourishing tradition cherished and 
nourished by our ancient seers. 


3.Lagadha, like other vedic seers, is devoted to God. This is evident from some of his passages shown below. 


3.1.He starts his book with a benedictory verse of prayer. 

pancasamvatsaramayam yugaadhyaxam prajaapatim 

dinartvayanamaasaangam pranamya shirasaa shucih 
Here the vedic deity prajaapati, in his capacity as the presiding deity of yuga, is saluted. The author bows his head 
to this form of God before embarking on his work. 


3.2.He believes that one should be clean (shuchi), before embarking ona task like this. 
3.3.This devotion has percolated to his followers as well. The one who redacts the teachings of Lagadha, also 
salutes the diety of time while starting his work. This verse also forms a part of the book vedaangajyotisham. The 
verse is as follows: 

pranamya shirasaa kaalam abhivaadya sarasvatiim. 

kaalajnaanam pravaxyaami lagadhasya mahaatmanah. 
We may note that in addition to the deity of time, the female deity of education, Sarasvati, is also worshipped here. 


3.4.According to Lagadha, God functions through many gods. Here is a list of gods mentioned in his book: 
yugaadhyaksha prajaapati, kaala, sarasvati, chandra (with synonyms soma, indu) surya (with synonyms arka, ravi) 
vasu, tvashtaa, bhava, aja, mitra, sarpa, ashvinau, jala, dhaataa, ka:, agni, prajaapati, rudra (with synonym bhava), 
aditi, bruhaspati, sarpa, риги, bhaga, aryamaa, savitaa, tvashtaa, vaayu, indraagnii, mitra, indra, nirruti, aapa:, 
vishvedevaa:, vishnu, vasus, varuna, aja ekapaat, ahirbudhnya, pusha, ashvini, yama. 
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main contents of the book. This will enable us to understand 
the several topics that Lagadha dealt with . They are: 4.1. Units of 
sroblems for which this book gives the methods of calculation. 4.4.a 


ons. These are rounded off integers of the 


measuring time is described. (Nowadays we have advanced clocks to do this job.) For cach asterism, the presiding 
deity's name is mentioned. A list of fierce ones, and a list of cruel ones among these is given. (These may not have any 
value to the present day astronomers.) The number of risings of shravishtaa in a yuga is calculated as 1835. Some 
other ideas touched are: variation in the daytime, beginning of the yuga-period, tithis in which ayanas can begin, 
method to calculate the tithi in which vishuvas occur, method to calculate the part of the day in which parva ends, 
method to calculate the total number of parvas(full moon days) lapsed so far in a yuga, method to find the nakshatra 
at any parva, method to calculate the nakshatra at a given tithi, method to calculate the time of beginning of the 
nakshatra current at the end of a given tithi, method to calculate the part of the day at which a given tithi ends, 
method to calculate sun's nakshatra at any time, correction for the siderial day, need for two extra lunar months in 
each yuga, method to calculate tithis yet to elapse in a ritu, and so on. 


4.4. Here is a sample of computation taught in this book: Multiply the tithis gone after a parva by 11. Add it to the 
parts of the nakshatra current at the end of the parva. Divide by 27. Take the remainder. Use it in the Jaavaadi series. 
This gives the nakshatra current at the tithi. (Translation following TSK) 


5.Lagadha attaches great importance to the vedic rituals called yajnas. The three pillars of vedic spirituality are 
karma (rituals), jnaanam (knowledge) and bhakti (devotion). Lagadha takes care to highlight all these three in his 
book. We cite the four lines where yajnas are mentioned.. The first talks about the purpose of writing this book. The 
second is about one of the uses of deities of stars in the yajnas. The third is about the importance of these rituals in 
the vedic lore. The last one is about the importance of astronomy in these. 


5.1.This book is written in order to help to determine the actual time of performance of vedic rituals. 
Yajnakaalaarthasiddhaye. 


5.2.The names of these deities serve one more purpose. The performer of yajna bears this name on that occasion. 
Naxatradevataa etaa etaabhir yajnakarmani 


5.3.The vedas have indeed been revealed for the sake of the performance of sacrifices. (All other uses of vedas are 
secondary.) *Vedaa hi yajnaartham abhipravruttaa:” The word hi here means that it is a well known fact. 


5.4.1015 he who knows astronomy that knows the vedic rituals. yo jyotisham veda sa veda yajnaan. 


6.Lagadha is not merely a scientist, but also a poet. His work consists of 36 verses in one recension and 44 in 
another, many of the verses being common to both. As a poet he employs similes, metaphors, wordpuns, and the 
like to add charm to his scientific exposition that may otherwise become unappealing. Now we see some instances. 


6.1. While delienating the importance of the subject of Astronomy among various ancilliary subjects of study in the 


vedic lore, he writes: 


yathaa shikhaa mayuuraanaam naagaanaam manayo yathaa. 

Tadvad vedaangashaastraanaam jyotisham muurdhani sthitam. 
This verse has become very popular nowadays, because many authors have quoted it in their general books on 
ancient mathematics. Here two similes have been mentioned. First is that the crest is on the head of the peacocks. 
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-jewel is on the head of the cobra. Similarly, Astronomy is "on the head" of the subjects 


The second is that a crown Р LEE s EE 
f study. By these similes, he wants to convey three things: 1 Astronomy is the дадоа раташоор шее ш 
of study. 5, а 


study materials; after all, it is the study of shining objects in the celestial poer as are the im 9 pi ang 
the jewel on the serpant-hood. 2 Itis the interesting and attractive gs of the study. J ч ast s peacock 15 admired 
forits crest, and the serpant is admired for its jewel, education is admired because of tius ШР 33 ust as the crest 
lies above all other limbs, and the hood-jewel lies above all other parts of the body, this subject is kept above all 
other subjects. In short, the three items of equality between the compared objects are splendour, beauty and placement. 


6.2. The poet in Lagadha comes out more forcefully in the beginning, in the end and right in the middle. In the very 
first verse, the poet personifies the yuga. If the God is an embodiment of the yuga-period, then the sub-periods like 


years, seasons and days become His limbs. 


6.3.A poet shines with a larger vocabulary. Moreover, the constraints of the verse-meter will force a poet to go for 
synonyms. Lagadha excels in this art. He uses the words nakshatra, ruksha, bha, and stru, synonymously. (By the 
by, the English word star may have come from the Sanskrit word stru with the same meaning.) He uses the words 
indu, paulastya, soma and chandramaa as synonyms for the moon. 


6.4.As a good poet, he employs a variety of meters. Most of Lagadha’s book consists of verses composed in 
anushtup-shloka meter, with eight syllables in each quadruplet. There is one verse in vidyunmaalaa meter, where all 
the thirtytwo syllables are long ones. The last verse is in indravajra meter. There is another with a slight variation 
thereof, called upajaati meter. His effort to a strict adherence to the metrical restrictions is clear from the phrase 
dinartvayanamaasaangam in the very first stanza. The meaning is: Day, season, ayana and month are the limbs. In 
prose, we prefer to rearrange them as day, month, season and ayana, in the increasing order of duration. Lagadha 
has changed this order in two occasions, just to suit the convenience of the meter. However, we come across some 


violations of meter-related rules, most probably because it has been mutilated by many writers over many centuries, 
with too many variations. 


7.Lagadha has shown a good mastery over words, particularly the ones with double meanings. We explain this 
through four examples. 


second meaning 
revealed scriptures knows 
Га eet | 
ль 
caala 
Г te ecdorine 


parva the full moon day 


a fortnight 


Occasionally these double meanings result in humour. However Lagadha’s humour is always mild 


7.1.This is the last line of the work. yo jyoti 
‚уо jyotisham veda sa veda yaj Е 
naan. He knows the -rit S 
astronomy. The word SSi yajna-rituals, who knows 
y. word veda occurs here as a verb meaning “knows”. In the same verse the first line is: vedaa hi 


yajnaarthamabhipravruttaa: H 
Pe P ere the same word veda occurs as a noun. The sentences can b bined: One 
RE ow Astronomy, to understand yaaga, which is the v Mac 


. А а егу purpose of the ы 
veda and the verb veda in a single verse contributes to amild humour 0 соеюн 
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7.2.Lagadha uses the word carita in two meanings, that are closely related to each other. His verse is given below. 
The repetition if the first quadruplet again as the third, is meant to draw our attention to this pun. 
Somasuuryastrucaritam vidvaan vedavidashnute. 
Somasuuryastrucaritam lokam loke ca santatim 
One who understands the motion of the moon, the sun, and the stars, attains the worlds of the moon, the sun and the 
stars. In this sentence, the object of knowledge coincides with the adjective of the world attained as its fruit. The 
charm in this coincidence is enhanced by the word caritam that qualifies both, in its two different meanings. If their 
motion is studied, the world in which they move about is attained. We may further add that in the same verse the 
word “world” is also employed twice, first to denote the other worlds like Suryaloka and Chandraloka, and next to 
denote the mankind in this world, acceptability by whom is mentioned here as a fruit of knowledge. 


7.3.The word kaala usually denotes the Lord of death yama, probably because he keeps the record of time. 
Therefore when Lagadha salutes the Kaaladevataa in the beginning of his book, some commentators write that 
Kaaladevataa is none other than the Yamadharmaraaja. The existing koshas and dictionaries are in favour of this. 
Therefore a mild humour is felt in the following verse of vedaangajyotisham: 

pranamya shirasaa kaalam abhivaadya sarasvatiim. 

kaalajnaanam pravakshyaami 
The meaning is: “After saluting kaala, I am going to describe the knowledge about time”. 


7.4.The word parva has its primary meaning as full moon day. It is employed in this meaning by Lagadhaat least four 
times. But it also means the fortnight (consisting of fifteen days) as seen in the usage of the word parvasandhi. 
Lagadha accepts this meaning of the word parvan in one of his verses. But no humour results, because the two 
meanings are at two different passages. Similarly Lagadha uses the word Raashi in two meanings, heap and number, 
in two different contexts. 


In summary, Lagadha takes advantage of word-puns also. 


8.Lagadha writes cryptically at times. It helps him in achieving brevity, in enhancing curiosity, and in avoiding dullness. 
Occasionally however it baffles the commentators. 


8.1.Look at this verse: jau draa gha: khe ... These are the abbreviations that Lagadha uses for the names of the 
stars. All these are of single syllables. They are selected syllables of the full names, one for each star. 


8.2.He uses very short words, with one or two syllables, profusely. Here is a list of some single syllable words 
employed in this book: dvi, tri, shat, sva:, syaat, syu:, tu, ca, hi, ka:, sa:, ya:, te, tat, yat, dyu, stru, bham, tau, dve, 


yaa:, saa. 


8.3.There are many words or passages in Vedaangajyotisha whose correct meanings are still debatable. Here we 
cite a few. (1) In the line “Rridu pancadashaashtame” what is the meaning of the word ridu? Is there a mistake in this 
word? (2)In the line “suryaan maasaan shadabhyastaan” TSK has modified it as “staryaan maasaan”. Which is the 
correct reading? Why? (3)In the stanza that starts with “dyu heyam.h" the researchers widely differ in interpreting. 
Whose interpretation is close to the text? (4) In the stanza starting with “syu: paadordham tripaadyaa yaa” which one 
is the correct reading? (5) For the words aavaapa and udvaapa, whose meaning is correct? (6)Has Lagadha used 
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ankhyaa, as claimed by some? (7)Among the meanings provided to the word yugalabdbam, which one js 
ae сат dinaikaadashakena tadvat" is anything else lurking, as 


likely to be intended by the author? (8) In the line “уор 

suspected by TSK? And so on. 

8.4.“The rules are couched in archaic, technical and terse language”, writes TSK. In the verse starting with 
«x ~ . tel EN) 

“caturdashimupavasatha:” there is a clearly visible flaw of prosody. Is anything missing here? 


9.For Lagadha, Arithmetics and Astronomy are intimately related. 


9.].The word ganitam for arithmetics and the word jyotisham for astronomy are mutually pups in one context. 
In the passage tadvat vedaanga shaastraanaam jyotisham murdhani sthitam, Lagadha и has allowed a 
modification ganitam murdhani sthitam. This shows that Lagadha considers both Шера and Astronomy as 
the most important among the ancillary subjects of vedic studies (the others being, phonetics, grammar, prosody, 
etimology and ritual science.) Does he mean that these two are one and the same? Not likely. Because in his 
tradition, they have been listed separately. As early a treatise as Taittiriya Braahmanam, mentions that an astronomer 
and a mathematician are different as professionals: prajnaanaaya naxatradarsham and viinaavaadam ganakam 
giitaaya are the lines there. If they are different, are both counted among the vedaanga subjects? It cannot be so, 
because the number of vedaanga subjects is fixed as six. There are two ways to resolve this problem. First view: For 
Lagadha, ganitam and jyotisham are synonyms. In those days, the entire mathematical canopy was meant for astronomy. 
Second view: Mathematics is not the same as Astronomy. Even in Chaandogya upanishat, raashividyaa and 
nakshatravidyaa are mentioned separately. Therefore these two verses of Lagadha, convey in two different ways 
that both Mathematics and Astronomy are important subjects. How can the same set of words be subjected to two 
interpretations? There again lies the cleverness of the poet. Let us explain. Astronomy is one of the six vedaangas. 
Mathematics is not so. But it is developed in many of the vedaangas. For instance, in prosody, Theory of Binary 
Number System is developed. In Kalpa (ritual Science) the theorem of Hypotenuse (nowadays attributed to 
Pythagorus) is explained. In jyotisham rudiments of Trigonometry are applied. This list can be extended. АП these 
happened in India many centuries before Christ. Bodhayana’s algorithm for rational approximation of irrational 
numbers, Pingala’s dealings with the number zero, all these belonged to that ancient era, in different vedaangas. 
Therefore itis correct if Lagadha claims that in every ancillary subject of the vedic literature, Mathematics is kept at 
the top pouon This is similar to a statement of a Nobel Laureate that in every branch of science, only that part is 
оре science, which has been illustrated mathematically. The verse “yathaa ... ganitam murdhani sthitam" is therefore 
interpreted as follows: Jost as many peacocks are adorned by the crests on their heads, and just as many king- 
УОК 
е е о ом ow: ust as a peacock carries a crest on its head, and 
er (1)If a peacock is likened to the fal Rs pi i ae E > Es Керо 
there are many peacocks that are likened to many ved ME tet Astronomy. OF 
are likened to Mathematics. The difference d ee (one each), most of them are adorned by crests that 
een these two statements is crystal-clear. Because Lagadha wants 


to make both these assertions, he has two versi 1 oth n Yaju 
Г 10ns of this Verse, one in Rik-j 1 j j 
Sead А 5 > -Jyotisham, and th ajur- 
jyotisham (the only difference being the replacement of ganitam by jyotisham and viceve ) : s | 
rsa). 
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ityupaayasamuddesho bhuuyopyenam prakalpayet. 

jneyaraashigataabhyastam vibhajejjnaanaraashinaa. 
Its meaning is: The known result is to be multiplied by the quantity for which the result is wanted, and divided by the 
quantity for which the known result is given. 


9.3. In Lagadha's book on Astronomy, Arithmetics plays a major role. The following table of technical terms gives 
arough idea of items used: 


raashi Number (positive integer) 
Addition 


Subtracted by 


Una,shesha Remainder 
Gunita, abhyasta Multiplied by 


ibhajanam Division 


innam Fraction 
Bhinna-apanaya Rounding off to an integer. 


Naadikaa-pramaanam Volume size to define a time-unit called naadikaa 


Upaaya-samuddesha Rule of three 


heyam To be omitted 
jaavaadi Using addition modulo five. 


labdham Quotient 


9.4.Incidentally the units of volume are also discussed. Palam is a unit of weight. 50 palams of water make one 


< 
SHES lis 
=: |са 
EM ES 


S 
S. 


ee) 
= 
=) 
=) 


Adhakam. 4 Adhakams make one dronam, whereas one fourth of an Adhakam is callaed a kudavam. 13 kudavams 
make a naadika. The same word naadikaa is used both as a volume unit and as a time unit. This is because, the 
naadikaa time is the time required by a naadikaa-volume of water in a specially designed vessel (whose description 
is to be taken from elsewhere) to drain out completely. This common unit name is still in use in both the senses. 


10.Last but not the least, is the fact that Lagadha is a leader, with many followers, interpreters, commentators and 
admirers. We now make four remarks on this aspect. 


10.1.In this book itself, we find a verse, probably composed by one of his students. kaalajnaanam pravakshyaami 
lagadhasya mahaatmanah. Here the word mahaatmaa means an eminent person. The author of this shloka is 
acknowledging that the subject matter of this book is the discovery of the eminent sage Lagadha. 


10.2.Here are some quotes about this book of Lagadha. 


“These verses would have remained obscure and unexplained forever if we have not received light from an unexpected 
quarter, ...,Surya prajnapti and Jyotishkaranda”.-R.Shamasastry in the introduction of his book. 


“In the course of oral transmission of the text through several generations of the adhvaryu priests over a period of 
nearly 3500 years, it is quite natural that many verses came to be handed over to the present generation often in 
erroneous and corrupted forms" — S.Balachandra Rao in his book “Indian Mathematics and Astronomy”. 
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al auxiliary of the vedas, is the earliest Indian text devoted exclusively to the 


edition by T.S.Kuppanna Sastri. 


“Vedaangajyotisha, the astronomic 
treatment of astronomy" — K.V.Sarm 


ain his preface to the 


10.3..This book has attracted the attention of many scholars in the later period. Here is a partial list, based on the 


information provided by the last one mentioned below. 


Book/Author Remarks 
Follows it for almanac making. 


ik | 


EET. Paitaamaha siddhaanta Refers to Lagadha's system. 


В.С. Suryaprajnapti, a Jain work Almost reproduces in Praakrit language. 


First edition of both recensions together. E 


Deciphers a few difficult verses 


Marathi interpretation of some verses. 
Lala Chote Lal Own interpretation to all verses. 


Sudhakara Dvivedi Edited with an old Sanskrit commentary | 
of Somaakara. 


Criticisms and suggestions for 
interpretation. 

Discusses the Calendar part only. 

Sanskrit Commentary and English 
translation. 

Critical edition with almost thorough 
translation and notes. 


10.4.As a good populariser of his subject of study, Lagadha mentions many advantages of studying his book. 
Cons performed in the prescribed correct timings, the yajnas will not be fruitful. Astronomical knowledge 
poved in this book is essential for this purpose. (2)*jyotishaam ayanam punyam”’. It is meritorious. ot 
Соо alotof punyam by studying this. (3)This subject is on the top of the six vedaangaas. (4)It is so respectable 
asubject that one has to be pure and clean while studying it. *pranamya shirasaa shuci:”(5)One who ae the 


y he will 


Conclusion. Several anci i ici 
am : 1 mani Indian Mathematicians were simultaneously poets, cryptic writers, researchers 
positors, teachers, traditionalists and leaders. Lagadha is one among them | | 
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Mathematics in The Vedas 
Prof. K.V.Krishna Murty, 
Chairman, I-SERVE 


PRELUDE 

1.0. Even though the age of the Vedas is a subject of continuous research even today, it is undisputed that the Vedas 
are the earliest records of human wisdom which are being handed down to humanity through oral tradition of 
knowledge transmission. What ever may be the thinking of the historians in 19^ and early 20^ century, new researches 
which peeped into the internal evidence of the Vedas firmly establish the age of Vedas to be 6000 BC — 19000 BC, 
basing on the astronomical references available in the literature.! 


1.1. Surprisingly, such a prehistoric bulk of records carries intricate scientific statements pertaining to several branches 
of science such as mathematics, medicine, astronomy, cosmology, botany etc. The purpose of the present article is 
to bring out the mathematical acumen, branch wise that can be evidently inferred from the outer meaning of the Vedic 
sentences, without touching those complicated implications that can be derived through philosophical inquiry. 


2.0 ARITHMATIC AND VEDAS 

We know that mathematical knowledge initiates its progress through the mechanism of counting and numbering. In 
the annals of history of mathematics, the process of counting and numbering had its first leap forward with the 
famous book “Calculus of Sand" written by Archimedes of 3" century BC. This could not progress well and expand 
its wings into bigger multiplications until the concept of zero entered into Europe, through the Arabic channels. It is 
now an accepted fact that the marvelous concept of zero was invented by Indians and from there it migrated to the 
Arabs. We shall take up this concept a bit latter in this article and we shall now focus on the other digits of the 
number system, and then pass on to fractions, series, zero and infinity, available in the Vedas. 


2.1. Digits and number system 
The concept of digits, to the extent of several millions, can be clearly seen in all the Vedas.” We shall take one quote 
from each Veda, except SamaVeda, since Sama Veda is almost a musical modulation of Rig Veda. 


2.1.1. Rig Veda 
em Те (Зо) Asen (Зо) marte четт (жо) SAS: 
эп Четтеп (чо) {нї TAM Go) AAT (t0) AAT 1! 
amien (бо) чат (3e) aiats ач (200) SRSA: 
zd fed edy ЧЇЧ zx сатат ЧЇЙ! Чат 11 (ada / USCD-3 / чв {6 / HR 4-4) 


а уїп$аїуа (20) trinsatya (30) yahyarvanda catvarimSata (40) haribhiryujanah 

a paricasata (50) susthebirindra sastya(60) saptatya (70) somapeyam .. 

a$itya (80) navatya (90) yamhyarvanda śatēna (100) haribhiruhmayamanah 

ittam hite Sunhotredhu soma indra tvasa parisikto madaya .. (rgveda / mandala -2 / sukta 18 / mandra 5-6) 


This hymn clearly mentions 
VimSatya -which means 20 
Tumsata -which means 30 
Caturvimsata -which means 40 
PancaSata -which means 50 
sastya -which means 60 
Saptatya -which means 70 
Asitya -which means 80 
Navatya -which means 90 
Satena -which means 100 
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д ОРУН occasion demands the series (о st; 
i the number system as it is. The ema start 
isi casion for the hymn to mention | me. Hr | 
> е 25 jus hs which deserves our attention is the word "trimsata which is the combination of two words 'tri 
from 20. The po sere 


and ‘imsat’, which means 3 multiplied by 10. 


Similarly ‘chatvari’ ‘imsat’ implies multiplication of *chatvari (4)' and *imsat (10) 


‘pancasat’ implies 5x10 
‘sasti’ implies 6x10 
*saptati" implies 7x10 
‘asiti’ implies 8x10 
`пауай` implies 9x10 


‘Sata’ (100) 15 a new name. кы 
The above observation implies that the Vedic people had the knowledge of multiplication as well as the number 
system, with 10 as its base. 


2.1.2 Yajur Veda 
The existence of bigger numbers in series can be seen in Yajur Veda. 


Teh (2) ч aM (Ro) ч Ҹан (307) ч, таң (207) ч MEAC") ч чеч (107) ч arg (10) F, 
О ЫЫ co) ата (00), qw (Ro) wr, sm (toO ч, TTE ч, pera, 
TeK“) ч, Brava, REL") dr Я sm Sear ча: weg, STATE vel | (ps / 
FATT o / BESTT 2) 

ēka (1) ca daa (10) ca Satama (10°) ca, Satam (10°) ca sahastrama(10°) с sahastram (10°) ca ayutam (10°) ca, 
ayutam(10°) ca niyutam(10°) ca niyutam (10°) ca, prayutam (10°) ca , arbudam (10°) ca, nyarbudam ca, 
samudra$ca, madhyam(10.^) ca, antaśca, pararddha§c(10') etah me agne istikah denavah santu, amutramusmin 
Ioke . (yajurveda / adhyaya 17 / kandika 2) 


This hymn indicates a series of numbers which starts with 1, the next numbers being 10, 100, 1000, ... up to 10”. 
This series runs in multiples of 10 and is in the form of a geometric progression of the type — a, a?, a?... etc. The 
concept of power to 10 does not appear, but the series is given perfectly with individual names to each of the 
multiples. This again establishes that the Vedic people had a number system, with 10 as its base. 


2.1.3. Atharvan Veda 


The following hymn from Atharvan Veda supports the above concept. 


KE) A SRR) ATER эйч 11 (3) aA fare (зо) rre ated mur (3) À 
freq CORE Эйн AAR (v) 4 selle (vo) чаты эйчї 11 Чч(щ) = A четутеч(цо) 
T S ARCU A wf (до) ArT att П Wa) чой +гєїїтєч(\зо) чаты aiu 
ar e)a (co) iR з\ч FAC) ч. чаічеч(<о) чатка À (o) = а 

X E эй WId(1o9) = 3 ЕТ (1000) | iens эїчї жаза sura mper 
2207) ca me 0а5а(10) са mépavaktara ausadhe .. dve(2) a ee SCAM 


ME vinSatigca (20) mepavaktara ausadhe.. 


Utajata Utavari madhu mé madhula karah 
(atharvaveda /kanda 5 / sūkta 15 / mantra 1-1 1) 
git- linkage between 1 


be and 10,2 and 20. 3 
and 100 and it Jumps to 100 and 1000. z 


The specialty of this hymn is that it gives di 


6 апа 60, 7 and 70, 8 and 80, 9 and 90, 10 30, 4 and 40, 5 and 50, 
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е 


From this it сап be re confirmed that 10 was used as base for the number system. More over, the internal consistency 
with respect to number system of the Vedic hymns can be well established by this. 


2.2. Series 
пт ЧО ree Hep ч Д чт ча ч} oe ч a ae p Чең] ч À 9 I T Aa «л 
чоч чї wu A aaa 3 datas utara  wefanc wawa 3 -qafamosfuru À 
ЧТО Wed À ARG er 9 уч ТЕГҮ gees uper Әти ЖЕДЕ waza À 
LRA ATC aA, eO wer A À отчетат) wed 
(AR - TARA - 22 RAT) 
eka ca me tisra$ca mē райса ca me sapta са me nava ca mē ekadasa са mē trayodasa ca me рапсайаќа ca 
me saptada$a ca mē nava да$а ca ma ekavigm śatiśca me trayOvigmSatisca mē pancavigm śatiśca me 
saptavigm айса me navavigméati$ca me ekatrigm $acca тё trayastrigm $acca mé catrasa$ca méstaucamé 
dvada$acame sodasacame vigmśatiścamē caturvigm Sati$ca me stavigmSatiscamé dvatrigmsaccame 
sattrigm$accame, catvarigm $accame catuScatvarigmSacca mē stacatvarigm Saccamé 
(yajur - camakadhyaya - 11 stanaja) 
This hymn of Yajur Veda gives a series of numbers 
(a) 1, 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 
and (b) 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48 which is of the form a, a+d, a+2d .... etc. 
We can see that these two series are in arithmetic progression. We can not proclaim their knowledge about the 
formula to find the n^ term of the series and the sum of n terms. The same is true in the case of the numbers in 
geometric progression, which was quoted in para 2.1.1 


2.3 Fractions 

The above facts, quoted so far, will establish the presence of natural numbers, that too very big numbers, in the Vedic 
literature. Now we shall have a look at the fractions. In the available literature (since a lot of Vedic literature was 
lost), not many direct references pertaining to fractional numbers are available. How ever, the concept of division 
and fractions can be clearly understood in the following Rig Vedic hymn. 


PIS эпе TAT ED (3/3) PAR HA AL (3/3) лат. 

HHS SHE Ut (A/w) AS жоет VERTS Tal а: (A/A к/ф 33 / FA 4) 
jyestha aha camasa dva (1/2) karoti kaniyan trin (1/3) kunavametyaha 

kanistha aha caturaskaroti (1/4) tvasta ubhavastat panayad vaco vah (rgveda/mandala 4/ sukta 33/ mantra 5) 


The hymn speaks of dividing a glass of drink in to two, three, four parts, However, whether they had a system of 
representing the fractions in the form of a numerator and a denominator is uncertain. Still, we can not totally deny 
that, since the concept of infinitely big and infinitesimal entities were mentioned in the Vedas, at different contexts. 
We shall discuss the fractions, once again, in the context of Astronomy. 


2.4. Special digit zero 

The above mentioned mathematical exercise can not be imagined if the concept of zero and the place value system 
of numbers were not available with them. Even though direct statements in this regard are not available, we can not 
deny their presence because of the consequent progress in other branches of mathematics, such as geometry and 
astronomy which we shall study a bit latter. Zero as a member of the numerical system and zero as a symbol of 
emptiness, both can be inferred in the philosophical context of the Vedic literature, but that is beyond the scope of 


this article. 


2.5. Infinity 
As mentioned already, the concept of infinitely big (Ananta) and infinitesimal (Paramanu) entities are very much 


available in the Vedas and this can be clearly understood in the context of philosophy. Taittiriya Upanishad says 
anoraniyam mahato mahiyan’ which means that pervading Almighty is as big as ‘Ananta’ (infinity) and as small as 
Paramanu (atom). The same concepts were adopted in mathematics as infinity and zero. Out of the two, the 
mathematical implications of infinity can clearly be seen in the following hymn of Yajur Veda. 
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Spic vie pi pigeon чрн ia pier (RE / эта | Mem 3) 


=a 3 un ü adaya pu evava$isyate 
um pu ü i tpurnamudacyate purnasya purnamadaya pumamevavasisyal 
um pürnamadah pürnamida purnat puro y (Бус ууа АЙШЕ 


This hymn means: Infinity comes out of infinity and when infinity is subtracted from infinity, the result remains as 
infinity. This, clearly, is similar to the modern concept of infinity. 


Similar concepts on zero are seen in the Tantric and Puranic literature of India, which belong to the succeeding 
periods of Vedas. Since the scope of this article does not cover those literatures, let us stop at this juncture and 
proceed to have glimpses at the other mathematical branches of Vedic literature. 


3.0 GEOMETRY IN VEDAS 


While arithmetic deals with mathematics of numbers, geometry deals with mathematics of space, which precipitates 
itself'in the form of lines and curves. The simplest form of polygon can be taken as triangle, since 3 is the minimum 
number of sides with which a polygon can be drawn. The name ofthe triangle (Tribhuja) can be seen in the following 
lines from Atharvan Меда, in anon mathematical context. 


а заа uierei ufecsr AA Heat YS Va | 

Wr зын FSI YR ps SE ЧЕЧ: 11 (99 - уш- 8-2) 

yo akrandayat salilam mahitva yonim kutva tribhujam Sayanah . 

vatsah kamadugho virajah sa guha cakre tanvah paracaih .. (atharva - ҮШ - 9-2) 


The Almighty made a triangle (Tribhuja) with earth, the intermediate space and the heaven as its sides and the 
generated multiple forms of beings, in a mystic way. 


4.0. ASTRONOMY AND VEDAS 


When the two dimensional geometry is extended to three dimensions, a new subject, called Astronomy, manifests 
itself. This branch of mathematics is seen extensively in all the Vedas and more so in Rig Veda. I-SERVE published 


a thorough work on this subject under the title ‘Indian Astronomy in Pre Siddhantic Period? written by Dr. K. D. 
Abhyankar, a retired professor from Osmania University, Hyderabad. Just as a glimpse, we shall see an interesting 
hymn from Atharvana Veda. 


BRR Meares AUT meae b З feb | (т< - x- ¢-¥) 
dvadasa pradhayascakramekam trini nabhyani ka u tacciketa . (adharva - x - 8-4) 


Hae ы hy st is the description of the formation of a year, a month and a day. The hymn says that the orbit 

for an elliptical pem ri cone has three centers. In Sanskrit, ‘circle with three centers’ is the technical name 

centers. This example is oe i M mew "A pues orbit has three centers, one main center and two sp 
. show that i e i з 

and its related branches. € Vedic Astronomers had enough insight into 3-dimensional geometry 


In another hymn, the concept of Adhikamasa (13® 3 3 n8 
solar year and lunar years, is proposed. (13% month’), which is needed to establish correlation between the 


4.1. Astronomy also derives smaller fractions of ti i i i 
etc., and establish smaller units of time (kalä cH Ps e dime i e rimine 


their mathematical operations. not possible in the absence of the knowledge of fractions and 
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The calculations of eclipses and their repetitions in fixed periods (which are extensively available in Rigveda‘), 
involve multiplications and divisions with numericals containing 12 to 15 digits. Such mathematical operations are not 
possible in the absence of a number system based on place value. 


5.0. In view of the above discussions, which are confined to limited quotations containing only outlines of the 
subject, we can estimate the depth of mathematical expertise of the Vedic period. 


END NOTES 


l. (a) The Arctic Home in the Vedas by Sri Balagangadhara Tilak 
(b) The Orion and Arctic Home by Dr. Jacobi & Tilak (These authors took Vedas to 6000 B.C) 
(c) Celestial key to Vedas: Discovering the origins of the World largest civilization, Publisher — Inner 
Traditions, by B.G. Siddharth, (He took Vedas to around 10,000 B.C) 


2. The Veda was divided into four parts by sage VedaVyasa in around 3000 BC. The parts are called | .Rig 
Veda 2. Yajur Veda 3.Sama Veda and 4. Atharvan Veda. Some of the European scholars opined that the 
Vedas have come up in a sequential manner in the order mentioned above. Some others denied it on the 
ground of several internal evidences, which include the fact that the name of Atharvan , Sama and Yajur Vedas 
are mentioned in Rig Veda itself. How ever, for our present study, this historical discussion is not so important, 
because we treat the whole Vedic literature as a single unit and proceed with our study of the mathematical 
concepts available therein. 


a ТЇШ буп 
Tales wm at АНА (staat хш, 3-4) 
ahoratrairvimitam trim$adam$agam 
trayoda$am masam yo nirmimite (adharva XIII, 3-8) 
(The sun generates a 13^ month, which has 30 sets of days and nights on its wings) 


4. А lot of work has been done on this aspect of Vedic Astronomy by Dr. Subhash Kak of Oklahoma State 
University , USA and Dr. R.N.Iyangar, Raja Ramanna Awardee of Indian Institute of Science, Bangalore , 
India. 
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Sulvasutra in a Nutshell 
Prof. Shriram M. Chauthaiwale 


Lecturer, Amolakchand College; Yavatmal 


Even though Indians regard four Vedas and related literature which includes various Samhitás, Bráhmanás, 
oF 


Áranyakás and Upanisads as the expiration of the supreme soul, (asya mahato bhitasya nisvasitametad yad 
r а 


rgvedo yarurvedah samavedah atharvangirasah) the study of 6 vedañgâs (limbs or mensem ve ae 
namely śikša: phonotics, kalpa: rites or rituals, vyakarana: grammer, nirukta: Боору, о: astronomy and 
chanda: prosody is considered mandatory to understand the exact and flawless meaning of Vedás. Amongst these 
vedáiigás, Kalpa is considered to be the hands and jyotiša as the eyes of the vedapurusa. 

Kalpa firstly means a sacred precept, law, rule, ordinance, manner of acting or proceeding prz actice especially 
related to Vedás (kalponáma vidhih) [1] and secondly it means that which prescribes the rituals and the rules for 
ceremonial or sacrificial acts (kalpante samarthyante yajjna yágádi prayogah yatra sa kalpah). The Kalpa 
sütra of each Vedic Samhità is subdivided into three parts; namely &таша sütrás, Dharma sûtrâs and Grhya sütrás. 
Sulva Sátra is either considered as part of corresponding Srauta sütra or fourth part of corresponding Kalpa sûtra. 

The meaning of the word Sulva or Sulba or Rajju is cord rope or string and it is der ived from basic root Sulv 
or Sulb meaning “to mete out “ or “to measure" and hence its etymological significance is ‘ *measuring" or “act of 
measuring”. B. Datta has elaborated four meanings of the same word Sulba as (1) mensuration — the act and process 
of measuring (2) line (or surface) — the result obtained by measuring (3) a measure — the instrument of measuring (4) 
geometry — the art of measuring. He further concluded that earliest Hindu name for geometry was Sulba. [2] 

The meaning of the word sütra which is applicable here is “а key”, “а formula", “a short rule" or “aphorism”. 
Sütravid (expert in formulating the sutra) has assigned following six characteristics to sütra. (1) swalpakSaram: 
having minimum number of words, (2) asandigdham: unambiguous, (3) sáravad — essence or summarized, (4) 
vishvatomukham — applicable to all cases or examples, (5) astobham — free from unnecessary explanations and (6) 
anavadyam — faultless or irreproachable. 

With these meanings and arrangements one naturally expects as much number of Srauta sütrás and Sulva Sütras 


equal to thousands of Vedic cults. However only 13 Srauta Sütrás and 9 Sulva Sütras are available. The samhita 
wise distribution of them is as follows. 


$rauta 


E E d Srauta Sulva 
Sütra Se 
s Sütràs Sütras 
Sakhayana Not 
Avalayana 


available 


Not Atharva Vaitàna 
available veda 
К atyana 


Sama M a$aka 
veda Latyayana 
Daàak$yayana 
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Katyana 


Baudhayana Baudhayana 


А pastamba 


A pastamba 


M ànava М апауа 
Hiranyakeghi Hirapyakeshi 
Bharadvaja Vadhula 


Vaikhàsana Laugakéi 


Varaha 


gun. аана QM Ó]]À 


MAL a eE У-. 


Remarks — (1) Even though two Srutasütras related to Rgveda and one to Atharvaveda samhita is available, not a 
single Sulvasütra attached to them is found. (2) Three Srutasütras attached to Samaveda Samhitá are found but only 
one Sulvasütra is refered, (3) Kátyáyana Srutasütra and Sulvasütra both are attached to Suklayajurveda Samhita 
(4) Baudháyana, Apastamba, and Hiranke$i Srutasütra and Sulvastitra are attached to Krsna Yajurveda  Taittiriya 
Samhita. Vadhula Üulvasütra of which Srutastitra is not found is attached to same Samhita. (5) Mánava Srutasütra 
and Sulvastitra is attached to Krsna Yajurveda Maitráyaoi Samhita. Varáha Sulvasütra of which Srutasütra is not 
found is also attached to same Samhita. (6) Laugakéi Sulvasütra of which corresponding Srutasütra is not available 
is attached to Krsna Yajurveda Kathaka Kapisthala Samhita. (7 ) The relation of Sulvasütra to corresponding Srutasütra 
and Samhita clearly focus on the very purpose for which they were composed. And the purpose is to meet the 
technical requirements of various meticulous constructions for successful yajñya. (8) Keeping in mind the attachment 
and the sütra character of Sulvasütras one need not wonder why the texts related to geometry are composed in 
aphoristic style and should not complaint or critisise their codified or cryptic nature. 


Time Span of Sulvasiitras 

Majority of the Indian and many western scholars assign a period later than 800 BC to Sulvasátra literature. 
Some of them are mentioned here. 
(1) Sen and Bag in their book [3] suggested a period of 800 to 500 BC with a remark that *We are still far away 
from narrowing the date range by centuries and putting the early sütra works on a firmer chronological basis". (2) 
Chronology committee patronized by INSA (1950) recommended a period 500 BC and later for Sulvasütras. (3) 
Svami Satya Prakash Sarasvati in his book [4] agrees with the period 800 BC to 200 BC for Sulvastitras. (4)T. A. 
Sarasvati Amma in her book [5] remarked that *— c 800 BC is a more probable date for the codification of sütras". 
(5) К. C. Gupta in his paper [6] says ‘They are variously dated and their exact time of composition or compilation 
is controversial. The Baudháyana Sulba Sütra is the oldest of them and is generally placed between 800 B.C. and 
500 B.C.’ (6) Venugopal Heroor in his book [7] adopted ten stages of development of mathematics in India and put 
the age of vedángas or Siitra period 800 BC to 200 BC. Thus historians and scholars seems to be agree on the time 
span of 800— 500 — 200 BC for the codification of Sulvasütras with clear understanding that Sulvasütras are much 
older than their date of composition. B Datta said that * We can indeed trace most of the matters contained in Sulba 
to earlier Bráhmanás and Samhitás [8]. For the detailed discussion on this aspect refer [9]. 


Recent researches strongly suggested different time span for Sulvasütras and early Vedic literature. Abraham 
Seidenberg's research work [10] led to following conclusions. 
(1) The common source of Pythagorean and Vedic mathematics is to be sought either in the Vedic mathematics or an 
older mathematics very much like it. (2) The view that Vedic mathematics is a derivative of Old-Babylonia having 
been rejected; a common source for these mathematics, different from Old-Babylonia of 1700 BC was indicated. 
(3) Thus what are regarded as the two main sources of Western mathematics, namely Pythagorean mathematics and 
Old-Babylonian mathematics of 1700 BC, both flow from still older source. (4) Hence we do not hesitate to place 
the Vedic alter period rituals, or more exactly, rituals exactly like them. far back of 1700 BC. (5) The elements of 
ancient geometry found in Egypt and Babylonia stem from system of the kind observed in sulbasutras. Vander 
Warden Book *Geometry and Algebra in Ancient Civilization' (1983) takes a similar view. 


Following Seidenberg's work and his own archeological studies N. S. Rajaram in his paper [11] says (1) It 
was in fact my study of Seidenberg’s work that led me to conclude that Harappan civilization must prsupose knowledge 
of the mathematics of the Baudhayana Sulba and therefore correspond to Sutra period. (2) Harappans were part of 
the Vedic culture. — The sulbas contain technical instruction for the design and construction of various altars; many 
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ў ders of Irz Li | 
mples of such altars have indeed been found among the Harappan ruins from the bo да ces 
exa altar: 


аһ, — Thus there can be hardly any doubt at all that the mathematics of the Sulbas must aed have been in 
Miss the time the great Harappan settlements began to be planned. This means that the earliest layer of the 
exis! | e 
Sulba, such as the Sulba of Baudhayana must have come to being not much later than 3000 BC. This early date for 


the Sutra literature is supported also by astronomy. 


Another work based on Seidenberg work and lots of historical data, V. Laksmikantam and S. Leela authored 


the book "The Origin of Mathematics" where they refuted convincingly the view held by most of the scholars that 
mathematics originated in Greece and not in India. They further showed that the source of geometric algebra is 
Shulva Sutras and also refutes the popular claim that Shulva Sutras provide only rule without any proof. They put 


Birth of Baudhayana at 3200 BC. [12] 


This author is of the view that we must accept latest views based on historical truths archeology, astronomy, 
Indo French field study and French SPOT satellite for further references. 


Content of Sulva Sutras 


Four Sulvasutras namely Baudháyana, Apastamba,, Kátyána and Mánava are most significant with respect 
to content hence they were extensively studied and commented upon by Indian and western scholars. Baudháyana 
Sulvasutra (BSS) is the oldest one has 21 parts and 295 passages; Apastamba Sulvasütra (ASS) contains 21 parts 
and 202 passages; Katyana Sulvasütra contains 6 parts and 67 passages and Mánava Sulvasütra has 16 parts and 
228 passages. This division is according to the Sen and Bag's book [13] which is refered throughout this article. 

The very purpose of Sulvasütras is to provide technical assistance to design and construct different Vedis 
and Citis (fire altars) for successful yajnas (sacrifices) we find discussion largely on the same with required instruments 
and units of measurements. Numerous geometrical constructions, transformations and combination of areas are 
extensively discussed. Basic geometrical ideas, concepts, properties, propositions or theorems are either explicitly 


stated or one can guess implied use of many such principles. Further we observe use of fractions and surds, indeterminate 
equations etc in the scripts. Now we discuss all these subject matters briefly. 


Instruments — 

Following instruments are found used for design and construction purposes. 

(1) Rajju: Rope or cord (2) Venu or Vam$a: Bamboo rod or Cane stick (3) Samya: Pin or yoke pin (4) Sanku: Pole 
or Peg (5) Sphya: Wooden rod cone shaped at one end (6) Rods representing units of lengths like vyama, artini, 


purusa etc. (7) The description of instrument having three holes on a bamboo rod at specified distance and its use in 


drawing circles and squares can be compared in limited sense with modern geometrical compass. [14] 


Units of Measurements - 


Ee eres oted in the following table along with conversio? 
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x kSudrapada Samya 36 27 
pradesa 
Vitasti 
d 
i pada 45/4 |13 akša 104 78 
is aratni 14 Vyama 120 90 
ut [mcum 15 | puruša 120 90 | 
= EE ш ш 
janu 24 |16 [та 188 MI | 
p er] 
y, Y 
Remarks - (1) Many interrelations between the various units are calculated 
e.g. | aratni = 2 práde$a, | purusa = 4 prakramas = 30 angulas etc. (2) KSS defines same units except | vitasti = 
12 angulas, 10 vitastis = 1 purusa. (3) MSS assumes 1 pradetia = 10 angulas, | vitasti = 12 angulas, | aratni 22 
vitastis. (4) Units like aratni, pradetia, vitasti, pada, prakrama, purusa etc are found used in Satapatha Brahmana for 
similar measurements.[16] 
ct 
па Bricks Used for Constructions - 
us 25 different types of bricks used for constructing fire altars are elaborated in BSS and ASS along with their dimensions. 
nd Here these bricks are classified according to their shapes. PuruSa equal 120 angulas is the standard unit of 
я measurement. АП the dimensions are noted in angulas. Section and dimensions of each brick are tabulated below. 
lis 
Ys No | Section Dimensions 
ге Square Shape Brick 
Пу caturthi (1/4) th part of puruSa 
25 paficamt (1/5) th part of puruša 
Sasti (1/6) th part of puruSa 
dasami (1/10) th part of puruša | 12 x 12 
padya of caturthi (1/4) th part of caturtht | 15 x 15 
ole pàdya of paficami (1/4) th part of paficami | 12 x 12 
ni, Rectangular Bricks 
>in ardhya of caturthi (1/2) part of caturthi 
adhyardha of caturthr | (3/2) part of caturthi 45 x 30 
9 | a8tami of caturthi (1/8) part of caturthi 15 x 15/2 
sed adhyardha of paficami | (3/2) part of pancami 
ttle aStami of paficami | (1/8) part of paticami 
tal 12 | sapādya of pañcamī | 1 & 1/4 part of pañcamī 
jon 
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Triangular Bricks 


(1/2) p 
(1/4) part of caturthi 


30.30, 30?2 


30. 154/2, 1542 


art of caturtht 


ardhya of caturthi 


d padya of caturthi 


aStami of caturthi (1/8) part of caturthi 15, 15, 15 V2 
i | pañcamī 24, 24, 24 42 
ardhya of paticami (1/2) part of parcam! | : 
adya of райсатї (1/4) part of райсатт 24. 1292, 12 o 
astami of райсатї (1/8) part of pañcamī 12, 12, 12 V2 
ardhya of adhyardha (3/4) part of райсатї 2602412, J3 


of pañcamī 


dirghapadya of adhyardha | larger part when rectangle 36, 613,6 ha 
e 
is cut by diagonals 


One of the smaller part when | 24, 6 413 , 6 V13 


rectangle is cut by diagonals 


of pañcamī 


$ulapadya of adhyardha 


of райсатї 


- — 
aStami of dirghapadya (1/2) part of brick No 20 18,12, 6413 


aStami of Sulapadya 


(1/2) part of brick No 21 a 12, 18, 6-13 
8 


24. Ubhai Brick — This brick is obtained by juxtaposing two bricks No. 22 and 18 along equal side 12. This results 
ina triangular brick with dimensions 30, 6/13 , and 12/2. 


25. Hamsamukhi Brick — Pentagonal brick with dimensions 30, 15/2, 15 Jo, ,15 AD 5 13 
Vedis — Information on various Vedis contained in BSS [17] is collected here. 


Square 
Same area 
Aa | 
| 


s sosceles trapezium | 24, 30, altitude 36, Area 972 
Sautramaniki vedi Area 324 sq.angulas 


Pait ki vedi Area 108 sq.angulas 
Pasubandha vedi Area 108 sq.angulas 
Pragvaméa vedi Area 192 or 120 sq.angulas 
Citis — Fire Altars - BSS elaborates 14 types of fire altars, each having area seven and half square риги$а and 
constructed using 200 bricks. 


Dimensions 


Area: 9216 sq.angulas 


=I 


Name 


caturasra Syenacit type I 


Sor | Reference 
$ [Reference | 
vakrapakSa Syenacit type I | Falcon shape wi : Ch.9 

pe with curyed w 
outspread tail ES, 28 Ch. 10, 
отари Kite shape Боду а П 


nd tail of altar 


The body, the head and tai 
Rh — 3 form of alaja bird. ail of altar in | BSS Ch.13 
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| praugacit An isosceles triangle. 


ubhayatah Rhombus 
rauga 
rathacakracit | Chariot wheel 
caturasra Square Through 
dronacit 
parimandala | Circular Through BSS 
dronacit Ch. 18 
| Smasanacit Altar in form of pyre BSS e 
Ch. 19 
vakrafiga Tortoise form with twisted or angular wings BSS 
kurmacit Ch. 20 
primandala | Tortoise form with rounded or circular wings BSS 
kurmacit | Ch. 21 
samühyacit Circle. Mud is used in place of bricks | 
chandascit Falcon shape. Only mantras are recited while touching the | BSS 
places at which bricks are to be placed Ch: F .] 


Remarks- (1) ASS had discussion on rectilinear Syenacit of two types [Ch. 10, 11], Praugacit and ubhayatah 
praugacit [Ch. 12], rathacakracit and square dronacit [Ch. 13], vakrapak§a Syenacit type I and II [Ch 15 - 20], and 
chandaticit. (2) KSS describes the construction of dronacit [Ch. 4], caturasra Suet type I and II [Ch 6, 13], and 
alaja and kankacit [Ch. 14] 

153830 


Mathamatics in Sulvasütras 


From mere observation of the data regarding design and construction of the bricks, vedis Ќа citis we сап conclude 
that Sulvakaras (Composer of Sulvasütras) must have extensive knowledge of basic properties of plane figures, their 
areas, similarity relations and so called Pythagoras theorem etc. Here we first enlist some properties not explicitly 
mentioned but widely applied in the scripts. And later geometrical constructions for combination and transformation 


of areas will be noted. 


Properties of Plane figures. 


(1) Aline segmentcan be divided into any number of equal parts. (2) A circle can be divided into any number of parts 
by drawing diameters. (3) The diagonal of the rectangle bisects it. (4) The diagonals of rectangle bisect each other. 
(5) The diagonals of rectangle divide it into four parts such that two opposite triangles are same in all respect. (6) The 
diagonals of rhombus / square bisect at right angles. (7) The triangle can be divided into number of equal and similar 
parts by dividing the sides into equal number of parts and joining the points two and two. (8) The isosceles triangle 
is divided into two equal parts by the line joining the vertex with middle point of the opposite sides. (9) A triangle 
formed by joining the extremities of any side of a square to the middle point of the opposite is equal to half the 
square. (10) A quadrilateral formed by the lines joining the middle points of the sided of the rectangle is a rhombus 
whose area is half that of rectangle. (11) A parallelogram and the rectangle which are on the same base and within 
same parallels are equal. (12) The maximum square that can be described within the circle has its corners on the 
circumference. (13) The perpendicular bisector of the line segment is locus of equidistant points from end points of 
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ular to radius at the point of contact. ( 15)A quadrilatera] 


irclei ndic 
the segment. (14) The tangent of the circle is perpe alf the area of Original Square. (16) The 


OSEE ic itself e with h 

by joining the mid points of square 1s itself a squar mE ico 
аш ds of йи figures are proportional. (17) The area of similar triangle is proportional to square of 
their sides. [18] 5 beo 1 
Remarks: (1) This list is not exhaustive. (2) Some of the properties tke NO’ ee 
can be verified by drawing the figures and with the help of elementary geometrical knowledge. 


2,8 14 are quite obvious. (3) Others 


Geometric Constructions — 


(A) The geometric constructions explicitly stated by Sulvasütras are listed below. 

(1) To draw a line perpendicular to given line or perpendicular bisector. [KSS 1 2] 

(2) Construction of all types of triangles with given conditions. [ASS 1.2] 

(3) To draw a rectangle and rhombus. [ BSS 1.6, ASS 2.1, KSS 1.3] 

(4) To construct a square with given side. [BSS 1.4 -6; ASS 1.2, 3, 7; KSS 1.3, MSS 1.11] 

(5) To construct a trapezium of given altitude, base and face. [BSS 1.7, KSS 2.10 - 12] 

(B) The constructions which can be inferred from other complex constructions are - 

(1) To draw a straight line at right angles to a given line from a given point. [19] 

(2) To construct a parallelogram having given sides at a given inclinations. [20] 

(3) To construct а circle. (4) To divide a circle into number of parts by drawing diameters. 

(5) To divide a line into number of equal parts. (6) To construct square or isosceles trapezium of given area. (7) To 
construct a isosceles trapezium similar to given isosceles trapezium but with one third or double its area [21]. (8) To 


construct fire altar similar to that of the shape of falcon, but differing from its primitive area of seven and half square 
puruSas by m square puruSas [22] 


Combination of Areas — 


ey attempted to draw a square whose area is equal to area of given plane figures. Such constructions are 
ist low. 


(1) To construct a square equivalent to n times a given square [23] 
a given square [24]. (3) To construct a square equivalent to sum 
KSS 2.13]. (4) To construct a square equivalent to difference 


- 2) To construct a square equivalent to n th part 

of two different squares [BSS 2.1, ASS 2.4, and 
of two different squ BSS 2 .4, and 

KSS 2.13]. (5) Toconstruct asquare equal in area of two give рав 52225324, 


; n triangles [25]. (6) To construct a square equal in 
area of two given pentagons [26]. (7) Construction f rers : E Я 
281, ]. (7) Construction for combination of two different squares [BSS 2.12 and KSS 


Transformation of Areas — 


Sulvasátras elaborated transformations of gi 
given plane figure t. i f ; 
Such transformations are listed below. ure to desired plane figure having approximately same area. 


Ancient Indian Mathematicians 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


ее м 


Av 


с» 


72 ә — i = 


square into trapezium [BSS 2.6, ASS 12.4, KSS 3.2]. ( 6) Transformation of trapezium into square or rectangle 
[ASS 5.7]. (7) Transformation of rectangle or square into rhombus [BSS 2.8, ASS 12.8, KSS 4.4]. (8) Transformation 
of rhombus into rectangle or square [ASS 5.7]. 

(9) Transformation of square into circle [BSS 2.9, ASS 3.2, KSS 3.11. MSS 1.8 (a)]. 

(10) Transformation of circle into square [BSS 2.10, ASS 3.3, KSS 3.1 1, MSS 1.8 (b)]. 


The Sulva Theorem — 


The statement and its application of the theorem commonly known as the Pythagoras theorem is elaborated by all 
the four áulvasütras [27]. BSS states that "dirghacaturaárasyákóayarajjuh párávamání tiyafimani ca 
yatp"thagbüte kutastadubhayam karoti” i.e. The diagonal of a rectangle produces both areas which its length 
and breadth produces separately" [BSS 1.3] Thus in rectangle ABCD, AC? = АВ?+ BC?. The similar statement is 
given by ASS [1.4], KSS [2.7] and MSS [10.10]. Asan example áulvakáras mentioned following integer, rational 
and irrational triples at various places followed or preceded by the general statement. These triples are — 3, 4, 5; 7, 
24, 25; 15, 8, 17; 12, 5, 13; 12, 35, 37; and 15, 36, 39 [BSS 1.5]; 20, 15, 25 ASS [5.3, 1.2, |; 16, 12, 20; 12, 
9, 15; [ASS 5.3]; 6, 5/2, 13/2; 5, 25/12, 65/12; 10, 25/6, 65/6 [ASS 6.6,7,8]; 188, 235/3, 611/3 [ASS 6.3]: 27, 
45/4, 117/4; 18, 15/2, 39/2 [ASS 7.1, 2] 1, 5/12, 13/12 [KSS 1.4]; 1,3, *10; 2, 6, “40 [KSS 2.4, 5]; 1, “2, “3 
[KSS 2.10]; 40, 96, 104; 188, 52, 194; [MSS 1.4-6]; 6, 9/2, 15/2; 1 *10, *11 [MSS 2.5]; 


Remarks: (1) Some rational triples are submultiples of integer triples. (2) The converse of the theorem, though nor 
explicitly stated in scripts but applied many times. 


Geometric Algebra — 


We note some of instances from Sulvasütras where geometrical constructional problems demands algebraic solutions. 
B Datta remarked that “The geometrical constructions described in (Sulvasütras) are of considerable algebraic 
significance. They indeed form the seeds of Hindu geometric algebra"[28]. 


(1) Enlargement of isosceles trapezium leads to equation 972 x 2=972 + m. 
(2) Enlargement of falcon shaped altar first type demands solution of x °= 1 + (2 m/ 15). 
(3) Enlargement of falcon shaped altar second type leads to solution of 7 x 2+ (1/2) x = (7/2) + m. 
(4) For a$vamedha Vedi we need solution of 7 x? + (1/2) x 2 43/2. 
(5) Kátyáyana's formula for rational triangles generates second degree equation x? + y? 2 z? with solution 

m? + [(m? - 1 2]? = [(m?+1) / 2}? [29]. ; 
(6) Simultaneous indeterminate equations have some footing in Sulvasütras with respect to altar construction. (А) 
For Gárhapatya agni one need to solve the equations x + y 221, 
(x / p?) + (у / 42) = 1, where number of bricks used are 21 and size of bricks are 1/р, 1/9. 
Baudhayana's solutions are x = 16, y = 5 when p= 6, q=3 and x =9, у = 12 when р = 6, q = 4. (B) In case of 
falcon shaped altar with 200 bricks and 7and half sq. purusas Baudháyana uses four verities and solve the equations 
xX+y+z+w=200, 
(x/p) + (y/q) + (z/r) + (w/s) = 15/2. The solutions are x = 24, у = 120, z= 36, w= 20 when p= 16, q=25, r=36, 
s= 100. (C) Apastamba uses five verities for the same problem and one need to solve x + y +z +u + v =200, (x/ 
р) + (y/q) + (z/r) + (u/s) + (УЛ) = 15/2 and provide the solutions x = 67, y = 58, z = 48, u = 18 and v 29 when p 


= 16, а = 25, z = 48, г = 64, s = 100 and t = 144. [30] ; 
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4 ^ 
Surds in Sulvasütras — E. 
From the dimensions of Vedis Cities and bricks mentioned earlier it 1s cleat 


ana defines the value of 4/2 as 


at Sulvakaras used values of D 


J3 etc and knew the basic operations on surds. Baudháy 


үз sU (0 (3x4) — 1/ (3x4x34)] = 577 / 408 | 
above value is correct up to 5 decimal places. 


[BSS 2.12, ASS 1.6] = 1.4142157 


When compared to current value | 414213 


Value of Pi Ratio — 


The piratio is not explicitly mentioned but can be inferred from constructions Ше пап олпайоп of circle to 
square and vice versa. The inferred values are in the range of 3 to 3.2. Gupta R.C. sten 15 possible values z 
[31] and remarked that best possible value of T their in is the approximation based on interpretation of verse 
11.15 of MSS. This value is 6 = 25/8 = 3.125. А 

This authoris pleased to humbly note that this account of ancient Indian scripts *Sulvasütras' is capable of 
giving fairidea of progress of science of geometry in very early period of the subject. /tyalam. 
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Transliterated Verses / Important Words - (As they appear in the article) 
seed чт Рада a тїї uds ada: SEINS | 
Фот A | 

ood weed Us GU ware aa WD Hee | 

TICE эгет wes faery 

SRAM saa = EH Waleed #9: || 


Words: 


Че, set, seared, эпе, mead, чета, 317, uel, ФФ, sors. 
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Geometry in Tantra 
Sri Acharyasri Vadlamudi Venkateswara Hao 
Vice Principal (retd) 


FOREWORD is z / 
The word “Tanthra” has several meanings such аз —а loom, a thread, a ritual, the principal doctrin etc etc. But in the 


context of subjects, Tanthra or “Tanthra ѕааѕіта” specifically refers to the literature related to a special system of 
religious practices, which form a branch of the ancient Hindu tradition and which are discending down from the pre 
historic periods. There are several schools of thought on the age of the ancient Tanthra Text books and some 


scholars prefer to place them at an age prior to that of the Vedas. However, a majority of the traditional scholars 


prefer to place them immediately after Vedas and before Puranas. The age of Veda is a subject of continuous 


research and the most recent researches on their internal evidences takes the Vedas to around 6 to 8 thousand ВС. 


Even modern western scholars like Sir John Woodroffe, who studied Tanthra literature extensively prefer to take 
them to a very antiquate period. 


There are many difficulties in determining the dates of each text book of Tanthra and the present article does not 
make an attempt for that. What ever may be the controversies about the time of the Tanthra text books, one 
important fact which we can not miss is that the roots of Tanthra are clearly seen in the Vedas. 


Surprisingly, even the mathematical complexities of the Tanthra tradition, have their clear roots in the Veda. 
Unfortunately, the tradition of the Tanthra discipline is scattered and a mighty treasure of scientific knowledge, stored 


in that literature, is at the verge of extinction. The scholars who can interpret and explain the scientific aspects of the 
Tanthra are very rare, now a days. 


The author starts his exploration of Tanthra directly from the Veda and proceeds to the earliest Tanthra texts and 
then covers some of the medieval texts as well. Even though he prefers not to mention the period of the texts 


con D etna . 
cerned, we have to keep the above points in mind and appreciate the marvelous mathematical acumen of the 
antiquity. 


-Editor 
wing: quien guia qui gen 
quie Чаа quitar afreqd 
pürnamadah pürnamidam purnat рата mudacyate 


pürnasya purnamadaya purnamevavasisyate 
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The seen infinite universe comes out of the primordial infinite because of its internal creative activity. Even then the 
primordial does not undergo any change and it still remains infinite. In general when an active work is done some 


energy is lost. But when the energy is infinite such loss does not happen. Hence it remains infinite. 


Such infinite is represented by a (Bindu ) circle in planar geometry. Here infinite energised space is enclosed in a 


circle. The same fact is expressed by the following Vedic sentence. 


Че Met o: STER: TSAI 
хачч Aaga HAAS 11530911 
sahasra Sirsa purusah sahasraksah sahasrapat 


sabhumima visvatovutva atyatistha ddaSangulam.. 


Every point on the circumference of a circle can be treated as its (z#)vertex. Thus the circumference of a circle 


is a set of infinite points. This is the sahasra Sirsa property of circle. 


The diameter of circle can be called as its axis. The axis of symmetry of the circle is any of its diameter is its = 
(sahasraaksatva) A circle can be considered as an infinite sided polygon. This is its Чв&Ч ся (sahasrapadatva) 


Thus an infinite circle has encircled the entire universe. Its circumference is said to be ten units. 


Utpalacharya, an Indian mathematician has taken the value of л as {0 . Also 


The western mathematician, Plolemy has taken л = ЛО . In this context 


2. Circumference of a circle = 77 D = 10 


When л = J10, then D JIO 210 = D= Vi0 
Hence the diameter of a circle is the square root of the length of the circumference. 


The evolution of the seen universal circle from the infinite circle is explained in Vedic stanzas below. 
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Fig2 


GAA AAR VTS Wege i 
sajatoo atyaricyata paScadbhumi madhopurah 
From the primordial (Mahaa Bindu) infinite circle four infinite circles evolved. But the centers of these circles lie 


on the original primary circle. They are of (Sajaatiya) the same diameter. The Vedic stanza explains geometrically 
the formation of four circles. They are on both sides of the centre, one above and one below. 


Thus the creation is mentioned in the four of five circles. One shall notice that this is the manifestation of the 
universe as mentioned in Vedic lines. 


a Т SAT (Sri kala yantram) 


Fig-3 


- meru tantra 


drawn through the points of intersection of the four circles. S т ШЕ Зайаазуа circle. Let another circle be 


by the Vedic stanza. - 90 obtained seven circle geometrical figure is stated 
| TERA Чач: Pre erf: зе. 
bi saptasyasan pari : E 
| | | plesyasan paridayaha trisaptha samidhah krutäh - veda 
iy 
p” 28 
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— 


Finally the figures contains seven circles and twenty one prominent ( Samidha ) points. 


On outermost 

sadaSiva circle the number of points of contact =4 

On second circle the number of points of trisection =4 
On the internal circle the number of points of intersection = 
The number of centres of the circles = 


Inall the number of prominent (Samidha) points іп that seven circled Yantra is (Trisapta =3x7) 221 
The same Vedic sentence gives one interesting information when Katapaya formula of Vararuchi is applied. 


1 2 3 4 5 6 7 8 9 0 
Ф ч T q 5 d [27 wi E A 
Ka kha ga għa шуа cha chha Ja Jha Ini 


25 в 5 d 
Ta Tah da dah Ana Та Та Da Dha Ма 


oy 
& 


q Ф ч A H 
Pa Pha Ba Bha Ma 


q X et q 3T Hu ч [3 aT 
Ya Ra La Va Sa Sha Sa Ha Ksha 


Let the same Vedic sentence be interpreted with the help of above (Sankhya - Maatruka) 
Letter — number relation. 


wem чча: Areata A: mr. 
saptasyasan paridhayaha trissaptha samidhah krutah 


gaa: Paridhayaha = circumference of circles of 
ЧТ, ЭТЕ (sapta asya) = 7 units diameter 
spd: Krutaah = becomes 


FEA Trisapta = 21 Sa,=7 =(Mate=5+3)=8, Ҹ=9 


Samidha = 987 ( Ankaanaam Vaamatogatih) 
Thus 21 is the integral part and 987 is the decimal part of the said number. 


2. Trissapta Samidhah = 21. 987 
<. Circumference = xD = 1(7) = 21.987 


= m= 21.987/7 =3.141(an approximation to 22/7) 
Thus the value of the universal constant 7 is suggested in this Vedic sentence. This is the secret meaning of the 


Vedic sentence. 
A SS a ay гл ee 
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Fig:3 
P, Q, R, S are the four centres of the four small circles. 
Let the radius of the circle PORS =г 


Radius of the circle ABCD = r2 
Radius of the external circle =e 


= 0Q=r,0B=r/9 ,OM=2r 


As seen in the above figures if an ellipse is drawn through the points A,M,C,N then its Semi-major axis = 
OM = 2г=а 


Semi-minoraxis = ОА -r./5 =b 
Equation of theellipseis(x?/a?) + (y2/b2) = 1 


=> (X?/Ar?) + (y?/2r?) -1 


Eccentricity of the ellipse 2 e =“ ./(a2 - Б2)/а2 =“ S4- 2my4m] = 1 / 5 


The eccentricity of the ellipse is a measure of the intensity of disturbance in Maha Bindu. 


Distance of the focus from the centre = ae = Qr) (1/ 45 )=г./з 
=> OB -r 5 

Hence B is a focus of the ellipse. Similarly D is the other focus. 

Hence B and D are the two foci of the elleipse AMCN 

In similar way A, C become the foci of the vertically sen ellipse. 


Clearl i 1 1 1 
early the four foci A, B, C, D lieon the middle circle of Srikala yanthra. The distance of the directrix 
of the ellipse from the centre = oz = a/e = 2r. 5 )= 2г./5 
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SRI CHAKRAM 


bindutrikonakaétavatára yugalokapatravruttayutam 
vasudala vrutta kaladalavrutta trimahigruhambhaje cakram - vidyaranya 


From the center, the sequence of the Avaranaas is described by the Stanza. Central point, then the triangles one, 
eight ten fourteen are there in order. Then eight petals, sixteen petals and then the three parallel lines called the 
‘Bhupura Trayam’. 


e A ` A à 
"gf: fat: arg ч uu, 
AAAS Hed Teg NEN 
UPI SETA Aaa (ia cun uen) 


$annavatyungulayamam sütrampragpratyagayatam 
caturbhiranglaihi si$taihi samvrutani ca bhapuram 
antarnavangulamgneyam madhye patrantu sodasah 


ekadasangulamgneyam astapatram samalikhet (ргарайса sara sargraham) 


From East to West take a length of 96 units. Four units from East occupy Bhupura 

Trayam, 16 petaled space is 9 units and eight petaled space is 11 units. Hence both sides put together the Bhupura 
and the petals space occupy 2(4+9+11) = 48 units. Hence the remaining 48 units is the diameter of the internal 
circle. 


© 


«у 


Ss SS oT aaa SE ne en ee 
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"m 

m 
Ii Be 
| 


лее, 


сап be applied in the study of Sri Chakram. Consider the interna] circle 


The principle of the ellipse and its directrix he same circle. Then its eccentricity 


; IS roni 
as the circle on the minor axis as diameter of an ellipse. The foci lie on 
e=1/ Jp . 
Let the radius of the internal circle r = ae. Then the s 
Where г = 24 units then OZ=48 units. 
i i its. Thus the outer Bh 
=> Distance between the two lines L, and L, is 96 uni Des 
ellipse. Thus the four outer Bhupur lines indica the presence of two vertically intersecting dag; ellipses. These 
Шр determine the real placement of the second and the circles of Srichakra. The second circle becomes the 


emi major axis OM ==r /2 а. Distance OZ = 2г= aj 


upura lines are the directrices of the 


auxilary circle to the ellipse. 


On this internal circle eight petals(Ashta dala) are constructed so that the center of each semi-circle lies on the 
internal circle. Then the radius of each (Ashta dala) petal =2r Sin(z: /16)= then the distance between the auxillary 
circle and a petal of Ashta dala =OH-(OA+AG)=r 2 -[r+2r Sin( z /1 6)] =0.024r. 


This difference is used to determine the height of the circle in three dimensioned Meru Prasthara Sri Chakram. 
In the same way the outer circle will be the director circle for the said ellipse. The radius of the director 


circle= 442 4 42 V(rv2)2 зы = Jr? = г\/3 


the director circle =r /3 -[r V2 +2r [5 Sin(x/32)] 


=0.04r. This determines the he; ircle in three 
n eh UE es the height of the outer circle in 


9 А пети waa 
za qm 
stuto теу gangavalli stuteti 


- tantram 
Applying “vararuchi rule", the letters indicate the numbers given below: 
*dstu-6, dlto-g "iar =5, Tm ў 


ат = 3 p 
&li-3 H stu-6 d te-g 8 „Т ра=3 Чуд=4 


R ti=6 
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The total of these numbers-48-diameter.The method of drawing the lines and the construction of the triangles is 


given in detail in Tantra texts. In Srichakra upasana the nine Avaranas are attributed with nine letters of the alphabet. 
They are called the Prakrutis of that Avarana plane. 


TABLE 


From Bhupuram to the central Bindu the nine Avaranas are attributed with nine (Manthra Bijas) alphabet in Upasana 
Tantra. 


TABLE 
(1) (2) (3) (4) (2) x (4) 
Avarana No of | Bija Equivalent 
А уагапаѕ 
В һиригат 10 Га 30 
Shodasara 16 Sa 112 
Astadala 8 Ha 64 
Manvasra 14 Ee 56 
Inner dasara 10 Ye 60 
Outer dasara 10 Ra 20 
Ashtakona 8 Ka 8 
Trikona 3 Ma 15 
Bindu 0 om 0 
365 
| 1. 


In the first column the Avarana names аге given. In second column the number of places in that Avarana is given. In 
third column the Manthra Bija letter is shown. In fourth column the number equivalent to the Bija letter is given as 
per to Vararuchi’s Number-Alphabet rule. In the last column the product of columns (2) and (4) is calculated. Itis 
astonishing to observe that the total of the last column comes out to be 365. This number 365 reckons to number of 
days of a solar cycle. In Tantra, it is mentioned as Samvathsara Prajapathi. It is an accidental verification. 


In the above table the Bija number (column (4)) and corresponding number of places of the corresponding Avarana 
(column-2) are taken alternately to form a continued fraction given below 


3+1/7+1/16+1/8+1/8+1/4+1/14+1/6+1/2+1/10+1/1+1/8 
3+1/7+1/16+1/8+1/8+1/4+1/14+1/6+1/2+1/10+1/1+1/8+1/5+1/3 


=3.1416024 
The value of this continued fraction to seven decimal places is an approximation to the value of m. This value 3.1416 


is determined to be the value of 7 by the ancient mathematician ARYABHATTA. Let the continued fraction be 


taken to three numbers. 
3+1/ (741/16) = 355/113 = 3.14159292 
This number (355/113) is taken on the value of t by Chinese. 
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RARE MAGIC SQUARE 
Numerals are very well used in Tantra. Magic squares of Bhuvaneswari Kachchaputi Tantra are famous in Tantra 
sastra. There is one 8 x 8 magic square in Tantra whose author and his time is unknown. The extract of that Magic 


square written in notation form is given below. 


чейии AA этетүйсчїїиї aT d 
agate way fered HET 1! 
pancavimSati marabhya astasitcantim6 yatha . 
catuhsasti prakostesu likhet katapayadina .. 

Sat = Sarees fees faa | 

wig ЧА qur HST HA || 

tesam sthanani samproktam tiryagurdha vidhanatah . 


varnadvandva padairyuktam tattat kostasthiti kramam .. 


TA «її тет ат Tat ST SINT | 

Э ЭМ чеп em TAT ATE RATT: di 

gaya tosam makha vàni yavo hamsa sagorajah . 
vedam Silam tatha labham rama saram hitopayah .. 
Set че vd TAY TET 99199 d 

"kar WAT ATS As ALT Tet |1 

hela padam ravam satho taraganam vayomasi ; 


sita rayopanandaram masam bhavam gada talam .. 


х9 919 %є ebrei AST HAT TAT RA, | 
зіі wa Ust тет Raag 1! 
rasam chavam deham kalam vesam maya {ато gam . 


yaram damam chayam roso balastejo sivovasuh .. 


BMA S «тат «Ч T UD VENE: | 

ami тат ч dd ЧЇЧ ERN || 

Sami bharam lata {аро sada гарат pathojavah . 

tabham gatha bhagomoham heyam posam kharosamah .. 
чта fessus Wb Чач ARY d 

Чүй ART Ha Sum 997 НҢ, |1 

aaa Sra Fa sm SET 11 

etat cchivapadam proktam tantragama visaradaih . 


purayedukta margena mantra varnan yatha kramam .. 


sadhayedista kamyani mantra puja vidhanatah .. ga yà too $am 
ins 
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t The above said Tantra stanzas explain the placement of the integers starting from 25 and upto 88 in 8x8 magic 
squareg?T— 3, Alyaa = 1. Thus the word “gayaa” indicate that the integer 25 be places in 3" row- 1“ 
column 
A 
dito=6 , 8 sham=6 
The word "tosham" indicates the place of 26 as 6^ row — 6^ columns of the square. Thus deciphering all the 
places of the numbers an astonishing 8x 8 magic square has formed. 
40 65 60 29 51 
50 | 87 78 43 - 37 
23 64 69 36 | 46 РИИ 
47 74 83 $6. pe 
62 27 34 71 | 73 
76 45 56 81 63 
[87 T 38 31 58 88 
85 52 41 80 66 
Here the additional total of the numbers in any row or any column is equal to 452. Also the total of the numbers 
in each diagonal is equal to 452. Thus this is an 8 x 8 magic square given in tantra. 
Another 8 x 8 magic square is defined by the following stanzas in the same Tantra. 
Rant ad set mamie ed | 
З чеп: Rr Чё AS TRT | 
Sivapadam tato vaksye sadhakabhista siddhayē . 
уёуё sankhyah samudistah purve kostha prapurane.. 
URGE enr vier. PSAs RAT, 
Ferrata Clete Aes RaT | | 
étasam varga sankhyabhih kosthanyatraiva purayet 
yadagacchati tadviddi mahaniyam Sivapadam.. 
FISTS ЧӨП HF УТ d 
amit zr «ча 1 
kosthasta sankhya krama yojanadyai . 
naganga netroraga drkbhaveddhi .. 
date чї asa | 
erg 891 че REE | 
tantrokta margena niyojyayantre . 
yajantu devim sakalesta siddhyaih.. 
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In the previously explained 8 x 8 magic square , each number of the block is to be replaced by the square of that 
number. Thus all the 64 block numbers may be replaced by the numbers obtained by squaring the existing numbers 
Thus obtained 8 x 8 square matrix is also magic square. 


7396 6241 1764 
4624 3249 1024 | 
5625 | 6724 | 3025 

3721 5184 1089 

2304 3i 2809 7056 
676 1225 4900 
2401 1936 5929 
1521 | 900 3481 


The total of the numbers of any row or column or the diagonal is given by 
am näga =8, З= angä = 6 AA netrá = 2 
ЧӨП uragä = 8, gR druk 22 
By mathematical rule this number is to be taken as 28268. 
Thus this magic square of 8 x 8 matrix is a rare one. Till today no mathematical formula is found to arrive at the 


table 2 from table lwith same law of addition. This shows the divine intelligence of Indian Mathematician. 


- - cians 
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Maharishi Pingala Chandasutram and 
Computer Binary Algorithms 
A Focus on reigniting Bharatiya thought on Binary system 
(Sri Rajendran Mariappan, Vidya Bharati Dakshina Kshetra Veda Ganita Pramukh, 
Vidya Bharati Akila Bharatiya Shikshan Sansthan) 


'Maharishi Pingala Chandasutram and Computer Binary Algorithms' is an unusual topic 
which links the past and present. Computers represent the modern era, the Vedas are of a hoary 
past. Much has been researched and documented about computers, the Vedas are still to be solved 
of their mysteries. Many Vedic hymns have astounded the modern scientists and astronomers, but 
there has been no serious effort to unravel the real meanings behind all the Vedic hymns. Here we 
present the relevant binary system sutras with the explanation and working of the algorithms written in 
coded sutras. This opens up a new areas for research and implementation of Pingala's left to right 
binary or the Big-endian system. 


Of the various gifts the hindus gave the world, the knowledge of ganit (mathematics ) is 
supreme. They gave the concept of Sunya (zero), the decimal system (base 10), sexadecimal (base 
60) system. The Binary system, which forms the basis of computation and calculation in computers 
seems to be the superlative discovery of modern mathematics. It is astonishing to find the Binary 
system in the Vedanga of Chandas so clearly given by Maharishi Maharishi Pingala. As with any 
ancient Vedic knowledge, the Binary system has been hidden in the Chandasutram. The hindus unique 
method is of using Sanskrit aksharas (alphabets) for writing numbers left to right, with the place value 
increasing to the right. These are read in the reverse order from right to left —'Ankanam vamato gatih’. 
The binary numbers are also written in the same manner as decimal numbers and read from right to 
left. We present the relevant sutras from Maharishi Pingala's Chandasutram. The algorithms are written 
as sutras. The algorithms are recursive in nature, a very high concept in modem computer programming 
language. We fix the date of this Vedanga based on the date of the Vedas. The life period of Maharishi 
is thus dependent on the period of the Vedas. For this we take the internal evidence of astronomy in 


the Vedas to get its date. 


The very word Veda has a derivational meaning — fountain-head and illimitable store 
house of knowledge. Vedas are four in number Rig, Yajur, Sama, Atharvana. Veda mantras have 
been used as databases to record astronomical events, constants, and mathematical procedures. 
Very large numbers have been encoded using the algebraic code of Maharishi Pingala Chandasutram. 
The conformity between decimal and binary number is given in Adhvayoga. This has to be properly 
understood, these akshara binary numbers are not only used for enumeration and classification of 
chandas. Chanda means covering, hiding or concealing according to Vedic etimology. According to 
Panini it means Vedas and vedic language. Prastara gives the algorithm for changing an ordinal 
number to guru-laghu binary syllabic encoding. Similar is the scheme of Katapayadi changing numbers 
to meaningful mnemonics. (We have developed software programs of the algorithms given in 
Maharishi Pingala Chandasutram). The algorithms should have been formulated before the specific 
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Veda mantras. And Vedanga Jyotisham gives the algorithms for astronomical calculations, To 
memorise the large volume of astronomical data and calculation tables Maharishi Pingala binary 
system was used. This astronomical calculations were necessary for making rituals at appropriate 
time as given in the kalpa sutras. Maharishi Pingala defined two series of numbers, index or seria] 
number and a quantitative. The quantitative series lists the meteric variations, and index number 
gives decimal values of the variations as per adhvayoga algorithm. This has been wrongly understoog 
by other writers. The main purpose of Chandasutram is to give rules based on bija-ganit (algebra) for 
encoding the ganas or akshara combinations. 


The Vedangas are for the proper study and interpretation of the Vedas. The six vedangas are 
1. Shiksha (phonetics), 2. Kalpa (ritual), 3. Vyakarana (grammar), 4. Nirukta (etymology), 5. Chandas 
(meter), 6. Jyotisha (astronomy). 


Of these Chandas is for the study of Vedic meter. This gives the very important algebraic 
Vedic Science of encoding and metrics. This is the Patha (foot) of the Vedas. This gives the cryptic 
astronomical, algebraical, geometrical and the method of Vedic interpretation. This has been in use 
in Tamillanguage grammar Tholkappiam. The science of metrics in Tamil is named as Yappilakanam. 
Almost all the technical terms of Chandasutram have similar word meaning in Tamil. 


Interpretation of Vedas based on the encoding methods using Chandasutram gives a method 
of chanting supercomputer. The mantras are based on sound and not on written scripts. The duration 
of pronunciation, the rules for when a laghu (short vowel) is to be pronounced as guru (long vowel) 
gives the superiority of sound over script. And this forms the basis of committing to memory large 
numbers of astronomy using the coding schemes of Chandas. 


Vedas are in different Chandas (meters). One meaning of Chandas is that it is knowledge 
which is to be guarded in secret and propagated with care. The Vedas are also described as chandas. 
The whole of Sama Veda consists of chandas. There is word in Tamil referring tamil language as 
Chandahtamil. Of the six vedangas Chandashastra forms a part essential to understand the Vedas. 
These Chandas have been studied in great detail. 


The sutras are a wonder of Sanskrit literature. There is no other language in this world which 
has anything like the Sutras. Many technicalities are used throughout these sutras. In translations from 
a rich and comprehensive language to a poor and ill-equipped tongue, it is extremely difficult to bring 
out the force, the dignity, the sweetness, the majesty and the flow of the original language. ше 
translators, however learned they may be and however brilliant their intelligence may be, have 10 
remember the great gulf which separates their intelligence with that of the great Maharishi Pingala 
who is their original author. 


At best the translator can only explain and illustrate what he understands and conceives to be 
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been understood to be the meaning by the translator. In the case of the works of the Maharishis, | may 
not be very wrong if | say that none of the commentators or the translators could ever hope to come up 
to their standard. However, a man can do at best what he honestly knows to be the meaning; and | can 
assure that in the translation of these difficult sutras | have taken the greatest care to bring out the 
correct meaning of Maharishi Pingala in his inimitable work Chandasastra. 


Everyone cannot compose a sutra. A Sutra, to be a sound one, must have certain characteristic 
features and unless these conditions are satisfied they cannot pass muster under the heading of a 
sutra. In English, so far as my humble knowledge and practical experience go, it looks impossible to 
frame a sutra as the Maharishis have composed and conceived it. The defects of languages cannot 
be set right by ordinary men, and it is hopeless to make such attempts. 


Maharishi Pingala, through his great love for the people, framed these sutras and they have to 
be interpreted on certain principles which the Maharishis have laid down for our guidance. The brevity 
of a sutra is its distinguishing feature, and it can easily be committed to memory even by the ordinary 
students. Somehow or other, Sanskrit language seems to have a close affinity to strengthen and 
improve memory. 


Have we ever seen a Professor or Lecturer who is able to repeat a few sections of any book of 
his branch of learning? Is there any English knowing person who can repeat a play of Shakespeare or 
a few pages of any dictionary? 


In Sanskrit, Dasopanishads are easily committed to memory. There are Dwivedis and Thrivedis 
who easily commit to memory one, two and three Vedas and repeat them with an ease which surprises 
the listeners. There are Chaturvedis who have commited to memory all the the four Vedas. There are 
many who have committed to memory the Sanskrit lexicon "Amara" and quote its stanzas offhand with 
the greatest ease. Bhagavata, Ramayana, Maha Bharata and other extensive works are easily 
committed to memory. Kavyas and Natakas. Epics and Dramas form no exception. Astrological 
literature, whether it be stronomical calculation or astrological Phalabhaga has been committed to 


memory. 


The discussion of the learned Pandits is a source of great delight to the audience. They bring 
neither books, nor notes, nor papers, nor any references when they come for great assemblies where 
their knowledge in the several branches of Sanskrit will be tested and where they receive due rewards. 
The greatest Hindu Pandit has hardly anything which deserves the name of a library, whereas the 
poorest equipped English reader keeps up a decent library. Are not then the heads of these Pandits 
more valuable than the heads of the greatest English scholars who have to refer to books for constant 


renewal of their memories ? 
Panini’s Ashtadhyayi, Patanjali's Yogasutram , Jamini's Jamini Sutras, Pingala's Chandasastra 
are some classic works on the sutra type. 
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The sutra is defined thus: 
alpaksharam asandigdham sravat vishvatomukham | 
astobham anavadyam са sutram sutravido viduh || 


Sutra should : 
Contain Alpaksharam -minimum number of words 
Be Asamdigdham – Unabiguous 
Contain Sravat — gist of the topic for which it is meant 
Be Vishvatomukham - universally valid or be general 
Not have Astobham — unmeaningful words 


Anavadyam — be devoid of any fault 


Like mathematical formulae, Sutras have a great deal of information in very few words. Sutras 
are very easy to commit to memory. To verbally communicate the algorithms they are a unique way to 
put itin sutras (aphorisms). 


Evolution of Chandas can be inferred from the following Mundayoka Upanishad (I 1,5) 


Rigvedo Yajurvedo Samavedo Atharvanah | 

Siksha kalpo vyakarnam niruktam chando jyotisam || 

The study of Vedas (Rig, Yajur, Sama, Atharvana) and Vedangas (Siksha, Kalpa, 
Vyakaranam, Niruktam, Chandas and Jyotisam) is mentioned. Thus Chandas 
(Metrics) is a Vedanga. 


The date of Maharishi Pingala Chandsutram can be based on date of Vedas. The date of 
Vedas varies from 8000 BCE to 3500 BCE depending upon astronomical notings, approximate time 
period of composition of Vedas, as per Max Muller (not on evidences but on his own assumptions). 
The common assigned date for Pingala Chadasutram is around 200 ВСЕ. This raises a question а5 
to why Vedic seers should take 7800 or 3300 years to formulate Chadasastram. Since the Vedas are 
already there in metric form, it stands to reason that these rules of chandas should have been first 
codified and based on these rules, hymns should have been developed. So the age of Maharishi 
Pingala should be placed not at 200 BCE but much earlier along with age of the Vedas. Such highly 
refined literature with astronomical data and information could not have been produced by a hoard of 
barbarians or wandering nomads as has been recorded by present day learned archaeologists and 
historians. No scholar can ignore a subject just because it is beyond his comprehension. Just by 
making it that their methodology is scientific, mathematical evidences cannot be ignored. Just because 
nobody has interpreted the Chandasutram in the lines of binary system, it does not mean that this I$ 
not there. Since the sutras are very abstruse and short it takes a lot of effort to decipher and interpret 
them. 


The following algorithms are for the binary system in Pingala Chandasutram. 
ans 
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Chandasutram by Maharishi Pingala contains 18 parichchedas (Sub-chapters) in 8 Adhyayas 


(main chapters). The 1° parichcheda of six slokas are not sutras. The rest of Chandasutram is 
composed of sutras. 


The fourth sloka is 


Maa Ya Raa Sa Taa Ja Bhaa Na La Ga Sammitam Bhramati vangamayam Jagatiyasys | 
Sajayathi Pingala Nagah Siva prasadat visudha matih Il 

And the sixth sloka 
Tri viramam das varnam shanmatramuacha pingala sutram | 

Chandovarga padarta pratyaya Hetoschasastaradou [| 


In this Maharishi Pingala states that "Maa, Ya, Raa, Sa, Таа, Ja, Bhaa, Na, La, Ga" mentioned 
in the fourth sloka is in itself a sutra, containing ten varnas and specifies that the same is kept on the 
top of all sutras because it is the basis for “chando уагда padartas and pratyayas". Three technical 
terms are given here Viramam, Matra, Pratyaya. The term pratyaya indicates vast and remarkable 
meaning. The astonishing wonderful intelligence of Maharishi Pingala is imbibed in various Pratyayas. 
In fact, the Pratyayas is a collection of extraordinarily ingenious and clever solutions to problems. 


The 2" paricheda gives the pratyahara sutras (general rules). The application of these sutras 
are universal throughout Chandasutram. If an exception is there, it will be given with it's range of 
applicability. 


1) Dhee Sree Sthree m TL. 


Р тт ту 27 
{ 


2) Varasa y “к | 
3) Kaguha Р é 193930 
4) Vasu аһа S й 
5) Ѕаіекиа iP J 
6) ka da sa 7 i i 
7) kim va da 'bh' 
8) na ha sa 
9) Gri [4 
10) Gante 
11) Dhradi parah 
12) He 
13) Lou sah 
14) Glou 
15) AstaVasva Iti 


Gana is defined as a group of three letters. is 
Properties of Maa, Ya, Raa, Sa, Таа, Ja, Bhaa, Na, La, Ga are explained in the the above sutras. 
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Dhee Sree Sthree 'm' - meaning three Gurus (long alphabets) make Maa gana and 'm' is Sangana 
(sign) of it. The word ‘It’in the last sutra indicates the ending of first chapter. 

Maharishi Pingala has given a very ingenious algorithm to find the index of a sequence of guru-laghu 
pattern. He has used the three syllable sequence given above which can be treated as Octal 
representation by converting a binary sequence. 


Gana Pingala Boolean Index 
Maa GGG 000 1 
Ya LGG 100 2 


Raa GLG 010 3 
Sa LLG 110 4 
Taa GGL 001 5 
Ja LGL 101 6 
Bhaa GLL 011 7 
Na LLL 111 8 
La 

Ga 


Thus to find the index of the sequence GGGLLG, split it in З letter sequence as 

GGG 000 1 maa 

ШС 110 4 sa 
And this is read using 'ankanam vamato gatih' - in reverse gives 41 as the index of GGGLLG with the 
code word ma sa or 1 4. Using this ma and sa coin a word name of the chandas. The reverse process 
of this gives the sequence for 4 1. The total sequence need not be in multiples of 3. The single or two 
aksharas at end of grouping is completed using the la (1) and ga (0). This method is the same as the 
current katapayadi sankya (number) assigned to the melakarta ragas of karnatic music, but in another 
decimal form. Note that, this is the mirror image of the current Boolean binary representation. A 
wonderful error-correcting code is given in this. Error-correcting code is a sequence that contains 
encoded information designed to flag errors in transmission. Each important aspect of a chandas i5 


encoded in the Vedic hymn. Here the rhythm of the hymn and the name of the chandas provide а 
check on each other. 


The 8^ Adhyaya gives the following 16 sutras which relate to the Pingala Pratyaya system 


1. Prastarah - Algorithms to produce all possible combinations of n binary digits, 
8.20 dvikau glau 


8.21 misrau ca 
8.22 pruthagla mishrah 
8.23 vasavastrik 
2. Nashtam - Algorithms to recover the missing row, 
8.24 l-arddhe 
8.25 sa-eke-ga 
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3. Uddishtam - Algorithms to get the row index of a given row, 
8.26 pratilomagunam dvih-l-adyam 
8.27 tatah-gi-ekam jahyat 


4. Samkhya - Algorithms to get the total number of n bit combinations, 
8.28 dvih arddhe 
8.29 rupe shunyam 
8.30 dvih shunye 


8.31 tavadardhe tadgunitam 


5. Adhvayoga - Algorithms to compute the total combinations of chandas ranging 
from 1 syllable to n syllables 
8.32 dvih dvihunam tad antanam 
8.33 ekone dvah 


6. Eka-dvi-adi-l-g-kriya - Algorithms to compute no. of combinations using 
n – number of syllables taking r - the number of laghus 
(or gurus), at a time nCr. 
8.34 pare purnam 
8.35 pare purnam iti 


The above algorithms are explained below 


1. Algorithm : Prastarah means spreading or expanding. Pingala gives the matrix which shows all 
the possible combinations of n laghu-guru. There are 2^ possible combinations of n digit binary 
number. This will result in 2^ * n matrix of all the possible combinations. Pingala gives a recursive 
algorithm. 


8.20dvikau glau 
8.21misrau ca 
8.22pruthagla mishrah 
8.23vasavastrik 


8.20 dvikau glau 


With one akshara (binary digit) of guru (G) or laghu (і) we have a prasthara of 2' * 1 
On putting G as 0 and L as 1 to get similar to the Boolean notation. 


G 0 
L 1 
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8.21 misrau ca 
The prastara of 2 akshara (binary digits) is got by mixing 1 akshara prastara with itself. 


We mix G-L with G and then mix G-L with L. The result is a prasthara of 22 * 2 


Pingala Boolean 
GG 00 00 
LG 10 0 1 
GL 01 10 
ITE 11 11 


The current Boolean notation is the mirror image of this matrix with all 2 digit numbers in 
ascending order. In Pingala notation the high bits are written to the right of the previous bit. This is 
same as writing decimal numbers in ancient days. The decimal numbers are written with highest 
place to the right of a previously written digit. But the reading of the numbers is from right to left as per 
the dictum 'Ankanam vamato gatih’ 


8.22 pruthagla mishrah 


The procedure for the expansion of 3 akshara (binary digits), mix the prastara of 2 aksharas 
with G once and L once. The result is a 2? * 3 prastara. 


Pingala Boolean 


GGG 000 000 
LGG 100 001 
GLG 010 010 
LLGC 1170 011 
GGL 001 100 
EG О 101 
e ub ои 110 
СЕЕ 1-171 111 


Thus these sutras give the size of the prastara of triak or 3 bits based the on the previous 3 sutras. 


8.23 vasavastriak 
This process is to be repeated for higher order prastara. To get all the combinations of 4 | 
akshara, we should know the combinations of 3 akshara, for which 2 akshara combination E 
necessary and this is got from 1 akshara combination. 


Pingala Boolean 
G GGG 0000 0000 
L GGG 1000 0001 
= ue E 
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GLGG 0100 0010 


LLGG 1100 0011 
GGLG 0010 0100 
LGLG 1010 0101 
GLLG 0110 0110 
LLLG 1110 0111 
GGAGL 0001 1000 
LGGL 1001 1001 
ССГ 0101 1010 
ІЁ (eye [E 1101 1011 
GGLL 0011 1100 
LGLL 1011 1101 
(TEE ФЕ 1110 
CAEI IE 1111 ЕЕ 


Thus Maharishi Pingala's algorithm follows naturally from the observation that the list of (n-1) 
syllable patterns is twice nested within the list of n-syllable patterns. The computer scientist Donald 
E.Knuth credits this as 'the first ever explicit algorithm for combinatorial sequence generation' meaning 
Maharishi Pingala was the first to develop a process for systematically listing patters with a given 
property. Maharishi Pingala's algorithm is recursive — it generates the entire list of n-syllable patterns 
from the list of (n — 1) syllable patterns. So a list of patterns of any given length can be generated using 
the same routine. This includes a final stage 1 syllable which is enumerated. 

[The Art of Computer Programming, Vol. 4, Fasc 4. Addison Wesley, Upper Saddle River, N.J, 
2006. Generating all trees — history of combinatorial generation] 


2. Algorithm: Nashtam 
8.24 l-arddhe 
8.25 sa-eke-ga 


These two sutras are to recover the nasht (lost or corrupted row). 
Given a row index this is used to get guru-laghu combination or the binary combination. 
Write L (Laghu), if the given index number is halved without a remainder, 
Otherwise write G (Guru), add 1 to the index number and then halve it. 
The recursive algorithm is, given an index І, remove the first syllable of the pattern, to get pattern for 
index | -1 
Index(I— 1) = Index( 1/2) if l is even or Index(I +1)/2 if | is odd 


Eg: To get the guru-laghu combination for the row 6 of 3 akshara prastara. 
The row index number 6, when halved gives no remainder. So put L or 1 
Next we have 3, when halved gives a remainder. So add 1 and halve. Put G ого. 


Next we have 2. when halved gives no remainder. So put L or 1 
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The6^rowisLGL 101 

The mirror image of 101 is also 101 whose value is 5. 

If the given row index is odd which gives а remainder we put G or 0, add 1 and then halve it. 

Thus we can see that the row index is 1 more than decimal value given by the binary digit pattern 
representation. So Maharishi Pingala's binary values start from 0. But the index starts with 1. These 
two are different. This algorithm can also be used to convert a decimal number to binary. 


3. Algorithm: Uddishtam 


From a given prastara to get the uddishtam (desired) row index without counting from the top row. 
Given a G-L combination to get the row index. This is the inverse method of nashtam 


8.26 pratilomagunam dvih-l-adyam 
8.27 tatah-gi-ekam jahyat 


pratilomagunam dvih-l-adyam — In the reverse starting from the l-adyam (first laghu) 
multiply by dvih ( 2 ). 


tatah-gi — if the akshara is Guru, 
ekam jahyat — subtract 1 after multiplying by 2. 


The 8.27 sutra is to be reconstructed as anuvritti. The word dvih is not there in this, but has to be 
taken from the sutra 8.26. The start is always 1 and we start from a L. 


Find the row index of GGL 

Start with 1 and the right most L. 
1x2=2 this is L so multiply by 2 

2x2z4this is G So subtract 1 = З 

3x2z6this is G So subtract 1 = 5 


To get the decimal value of a number in any base, these set of rules can be used. 


4. Algorithm : Sankhya 


"Sankhya' stands for the number of possible combinations of n bits. Here Pingala gives 8 method 
which appears to be strange and complicated, but is based on a very ingenious method of 


simplification of the purva or power or exponent. This results in the reduction of number of operation? 
needed for calculating sankhya. 


For example 

2M = 210x 2 = (25)?x 2 = (24 x 2)?x 2 =[(2?)2 x 2]2x2 
The form requires just 3 multiplication by the same number ie squaring and 2 multiplications PY 
number, here in this case 2. In Vedic mathematics Ganita Sutras the method of squaring any numb? 
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of dpi numbers is given 25 straight squaring. And this simplifies to find the binary of the exponent and 
using it to know when to raise to Power 2 (square) or multiply by 2. 


8.28 dvih arddhe 
8.29 rupe shunyam 
8.30 dvih shunye 


8.31 tavadardhe tadgunitam 

If the number is divisible by 2 (arddhe) divide by 2 and write 2 (dvih) 
Else subtract 1 (rupe) and write 0 (shunyam). 

If the answer were 0 (shunya), multiply by 2 (dvih) and if the answer 
Were 2 (arddhe) multiply (tad gunitam) by itself (tavad). 


Example 
16 2 (Even, divide by 2 and write 2) 
8 2 (Even, divide by 2 and write 2) 
4 2 (Even, divide by 2 and write 2) 
2 2 (Even, divide by 2 and write 2) 
4 
O 0 (Odd, subtract 1 and write 0) 


Start in the 2"% column, from bottom to top. 


O 1x2 -2 (if0, multiply 1 by 2) 

2 2x2=4 (if 2, multiply by itself ie square it) 
2 4x4=16 

2 16x 16=256 

2 256 x 256 = 65536 


This algorithm for calculating nth power of 2 is a recursive algorithm and its complexity is O(log2n), 
whereas the complexity of calculating power by normal multiplication is O(n). 


5. Algorithm : Adhvayoga 


8.32 dvih dvihunam tad antanam 
8.33 ekone dvah 


This sutra gives the adhvayoga of all the chandas (adhva) with 

number of syllables less than or equal to n. | 

To get adhvayoga, multiply the last one (tat antanam) by 2 (dvih) and then 
Subtract once 2 (ekone dvah). 
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That is 
Yoga (sum(2^))» 2^x2-222"'-2 


6. Algorithm : Eka-dvi-adi l-g kriya 
Procedure to calculate nCr. 
Pingala's sutra are very cryptic. 


8.34 pare purnam 
8.35 pare purnam iti 


The sutra 8.34 means "complete it using the two far ends pare' 

Start with 1 in a cell. Under this cell draw two cells. Then fill all the cells which are at the far ends, in 
each row by 

1. Meru is constructed like this: 


ЕБЕ 
ЕЕЕ rt 
7 1 
ИЙ КООШО T] | |s| [1 


The next sutra 8.35 says to complete a cell using above 2 cells, filling again the end cells. 


| | SSS 
| ee т гүү) 


E A х 
= - ета 
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Repeat the above procedure to get 


Highlights of Maharishi Pingala's algorithms: 

Maharishi Pingala has used recursion extensively to describe the algorithms. Further, he uses 
stack to store the information of intermediate operations. All these algorithms use a terminating condition 
also, ensuring that the recursion terminates. Recursive algorithms are easy to conceptualize, and 
implement mechanically. 


The sutra style was prevalent in Bharat, and unlike modern mathematics, the Bharatheeya 
mathematics was passed through generations orally. Sutras being very brief, and compact, were easy to 
memorize and also communicate orally. In which hymns of Vedas these encoding is done is not available. 
So a serious search of the Vedas as binary encoding is being done by me, using the computer to deciper 
the binary numbers and their linkage to the various astronomical events recorded in the Vedas. The results 
are very astounding. Whole astronomical tables are binary encoded and given. The Vedanga Jyotisham of 
the Vedas contain the binary encoded astronomical numbers. The Vedic mathematics based on Ganita 
sutras, as given to us by H.H.Jagadguru Sankaracharya Bharti Tirtaji Maharaj is similar to modern discrete 
mathematics clearly outlining a metatheory of calculation, systems of decimal, binary, temary, sexadecimal 
calculation, an advanced combinatorics, algebra of logic for description of any system based on a binary digits 
also. Most researchers, who recognize the important contribution of Hindus, their more advanced concept of 
zero and hundreds of practical mathematical algorithms, mostly underestimate the value of the ancient Vedic 
mathematics owing to their ignorance of the Vedic Sanskrit sources. The purpose of Chandasutram is not only 
to enumerate of millions of syllabic chandas and to determine the serial order, but to represent an algebraic 
binary code developed by means of Vedic Sanskrit, a highly perfected artificial intelligence programming language 
for encoding large decimal numbers which occur in astronomical calculations. Advantages of an algebraic binary- 
Octal (tristub) system offered by Maharishi Pingala are indisputable in the field of astronomical calculus requiring 
great accuracy and handling of extra-large numbers. Chandasutram is the science of a perfect metacode 
organized on the basis of the theory of sets, arithmetic and geometric progressions, combinatorial analysis, 
theory of infinitesimal and indefinitely large numbers, which allows to combine numbers of different levels of 
meaning, exact and different systems of calculation and astronomical information encoded in digital form. This 
ancient classification of the meters based on a developed combinatorial analysis and theory of sets is one of the 
outstanding achievements of the ancient Vedic seers and should impress the шашык ын азоо апа 
the specialist in metrics. The fact that Maharishi Pingala used a precise and detailed classification of the binary 


codes, eight thousand years ago, is highly mysterious and intriguing. 
[To contact the author of this article via e-mail: raje2910@ gmail.com or visit web-site: http://www.vedicmaths- 
institute.com] 
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Aryabhata: The Great Indian Mathematician 


and Astronomer 
Dr. P. lyamperumal 
Executive Director, Tamilnadu Science and Technology Centre, 
Chennai 600 025, e-mail: tnstc 9 md5.vsnl.net.in 


Introduction 

Astronomy is one of the oldest sciences. India has the tradition of excelling in the Study of 
celestial objects from the ancient past to till date. The first golden age for Astronomy started after the 
invention of telescope in the early part of seventeenth Century CE. Evidences for the heliocentric 
solar system model, discovery of sunspots, discovery of satellites of planets and many more were 
found after that. However, in 5^ century CE, by simply observing the heavens with unaided eyes ang 
by using indigenous mathematical tools a 23 year youngster in India accurately measured the period 
of Earth's rotation with respect to the fixed stars in the sky, deduced the shape of the Earth and its 
rotation, and made many remarkable achievements in Astronomy and Mathematics. That was 
Aryabhata (476—550 CE) the great Indian Mathematician. 


Aryabhata carried out intense researches on mathematics and astronomy. Findings of his major works 
were presented in his book ‘Aryabhatiya’. 


In the field of Mathematics, he contributed in the development of algebra, plane trigonometry, and 
spherical trigonometry. Aryabhata made no specific mention of the place of his birth. But Bhaskara |, 
his follower and commentator indicates his place of birth southern Gujarat or Northern Maharashtra 
(Asmaka Country). There is a sufggestion to the effect that Kerala could have been the birth place of 
Aryabhatta. He was believed to have flourished at Pataliputra (Patna) in the ancient Magadha Country. 


Mathematics 

The place-value system, first seen in the 3rd century Bakhshali Manuscript, was clearly in place in his 
work. Though he did not use a symbol for zero, the knowledge of zero was implicit in Aryabhata's 
place-value system as a place holder for the powers of ten with null coefficients However, Aryabhata 
did not use the brahmi numerals. Continuing the Sanskritic tradition from Vedic times, he used letters 


of the alphabet to denote numbers, expressing quantities, such as the table of sines in a mnemonic 
form. 


TT is a mathematical constant whose value is the ratio of any circle’s circumference to its diameter in 
Euclidean space. This is the same value as the ratio of a circle's area to the square of its radius. Itis 
approximately equal to 3.141593 in the usual decimal notation. Many formulae from mathematics; 
science, and engineering involverr, which is one of the most important mathematical and physical 


constants. Unlike many physical constants, pi is a dimensionless quantity which means that itis simply 
a number without physical units. 


TT isan irrational number, which means that its value cannot be expressed exactly as а fraction m 
n, where m and n are integers. Consequently, its decimal representation never ends or repeats: itis 
also a transcendental number, which implies, among other things, that no finite sequence of algebra 
operations on integers (powers, roots, sums, etc.) can be equal to its value; proving this was ala 
achievement in mathematical history and a significant result of 19th century German mathematic 
Throughout the history of mathematics, there has been much effort to determinel! more асси! a 
and to understand its nature; fascination with the number has even carried over into non-mathematle 

culture. 
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Aryabhata gave an accurate approximation for TT. 
Add four to one hundred, multiply by eight and then 
the circumference of a circle of diamet 
to diameter is given. 


This gives ТТ= 62832/20000 = 3.1416 whichis a s 
correct to 8 places. If obtaining a value this accurat 
this accurate value of б by Aryabhata is b 
16 (3) (1982), 54-59) where Jha writes:- 


urprisingly accurate value. In fact TT = 3.14159265 
e is surprising. Another interesting paper discussing 
y P. Jha, (Aryabhata | and the value ofTT , Math. Ed. (Siwan) 


"Aryabhata l's value of TTis a very close ap 


я proximation to the modern value and the most accurate 
among those of the ancients. There are reas | i 


no doubt, but excelled all his predecessors in evaluating!T . Thus the credit of discovering this exact 
value of TT may be ascribed to the celebrated mathematician, Aryabhata І. “ Aryabhata may have 
come to the conclusion that TT is irrational. The irrationality of pi was proved in Europe only in 1761. In 
the second part of the Aryabhatiyam (ganitapáda 10), he writes: 


caturadhikam Satamastagunam dvasastistatha sahasranam 
ayutadvayaviskambhasyasanno vrttaparinahah 

“Add four to 100, multiply by eight, and then add 62,000. By this rule the circumference of a circle with 

a diameter of 20,000 can be approached.” This implies that the ratio of the circumference to the 

diameter is ((4--100)x8--62000)/20000 = 62832/20000 = 3.141 6, which is accurate to five significant 

figures. 


Astronomy 

The great Indian mathematician Aryabhata was a pioneer of mathematical astronomy. He describes 
the earth as being spherical and that it rotates on its axis, among other things in his work Aryabhatiya. 
Aryabhatiya is divided into four sections. Gitika, Ganitha (mathematics), Kalakriya (reckoning of time) 
and Gola (celestial sphere). The discovery that the earth rotates on its own axis from west to east is 
described in Aryabhatiya ( Gitika 3,6; Kalakriya 5; Gola 9,10;). For example he explained the apparent 
motion of heavenly bodies is only an illusion (Gola 9), with the following metaphor. “Just as a passenger 
ina boat moving downstream sees the stationary (trees on the river banks) as traversing upstream, 
so does an observer on earth see the fixed stars as moving towards the west at exactly the same 
Speed (at which the earth moves from west to east.) “ 


Equatorial System оп сазара 
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The position of any point on the surface of the sphere (and hence that of any celestial body Which is 
referred to it) can be given with reference to the equator or the ecliptic. In the equatorial co-ordinate 
system, position is specified by right ascension and declination. Right ascension (œ ) is the an gular 
distance along the equator from the vernal equinox; declination ($) is the distance north or SOUth of 
the equator along a great circle passing through the point in question and the two celestial poles. In 
the ecliptic co-ordinate system, position is specified by celestial longitude and latitude. Celestia] 
longitude is the angular distance along the ecliptic, again from the vernal equinox; celestial latitude is 
the distance north or south of the ecliptic along a great circle passing through the two celestial poles 


Celestial objects are at constant RA, but change their hour angle as time proceeds. If measured їп 
units of hours, minutes and seconds, HA will change for the same amount as the elapsed time interval 
is, as measured in star time (sidereal time ST), which is defined so that a sidereal rotation of Earth 
takes 24 hours star time, which corresponds to 23 h 56 m 4.091 s standard (mean solar) time. This iş 
actually the reason why RA and HA are measured in time units. The standard convention is that HA is 
measured from east to west so that it increases with time, and this is opposite to the convention for 
RA 


Star time is ST = 0h by definition whenever the vernal equinox, RA - 0 h, crosses the local meridian, HA 
20. As time proceeds, RA stays constant, and both HA and ST grow by the amount of time elapsed, 
thus star time is always equal to the hour angle of the vernal equinox. Moreover, objects with "later" RA 
come into the meridian HA = 0, more precisely with RA which is later by the amount of elapsed star 
time, so that also star time is equal to the current Right Ascension of the local meridian. 


Sidereal Time 


As the Earth moves in its orbit around the Sun, the Earth must rotate more than 360 degrees in one 
solar day . A solar day lasts from when the Sun is on the meridian at a point on Earth until it is next on 
the meridian. A solar day is exactly 24 hours (of solar time). Because of the Earth's revolution, a solar 
day is slightly longer than a sidereal day. In every day life, we use solar time. The Earth must rotate an 
extra 0.986 degrees between solar crossings of the meridian. Therefore in 24 hours of solar time, the 
Earth rotates 360.986 degrees. Because the stars are so distant from us, the motion of the Earth in its 
orbit makes an negligible difference in the direction to the stars. Hence, the Earth rotates 360 degrees 
in one sidereal day . 


A sidereal day lasts from when a distant star is on the meridian at a point on Earth until it is next on 
the meridian. A sidereal day lasts 23 hours and 56 minutes (of solar time), about 4 minutes less than 
a solar day 


In timing celestial events, it is convenient to use the rotation rate of the earth as the basis of the length 
of the day. The vernal equinox or the first point of Aries is the reference point chosen on the rotating 
celestial sphere to define a sidereal day. A sidereal day is defined as the time interval between two 
consecutive passages of the vernal equinox over the observer's meridian. 


Aryabhata calculated the sidereal rotation (the rotation of the earth referencing the fixed stars) aS 23 
hours, 56 minutes, and 4.1 seconds; the modern value is 23:56:4.091. Similarly, his value for the 
length of the sidereal year at 365 days, 6 hours, 12 minutes, and 30 seconds is an error of 3 minutes 
and 20 seconds over the length of a year. The notion of sidereal time was known in most other 
astronomical systems of the time, but this computation was likely the most accurate of the period 


In Aryabhata's system of astronomy days are reckoned from uday, dawn at lanka or “equator” IM 
some texts, he ascribes the apparent motions of the heavens to the Earth’s rotation. 


e 
Kepler (1571 — 1630 CE), a German astronomer, was investigating the motion of planets at about T à 
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di 


AI 


1 


п 


model was the correct one to describe planeta 
of planet positions compiled by Tycho Brahe. 
not fit the observed data for Mars to a circ 


the nature of the orbits of the planets. He gi 
space. Aryabhata gives the radius of plan 
periods of rotation around the Sun. Astonis 


As mentioned earlier, Aryabhata claimed that the Earth turns on its own axis, and some elements of 
his planetary epicyclic models rotate at the same Speed as the motion of the Earth around the Sun. 
The planetary orbits were also given with respect to the Sun and he also states: "Whoever knows this 
Dasagitika Sutra which describes the movements of the Earth and the planets in the sphere of the 
asterisms passes through the paths of the planets and asterisms and goes to the higher Brahman." 
Thus, it has been suggested that Aryabhata's calculations were based on an underlying heliocentric 
model, in which the planets orbit the Sun. 


As the Earth is not perfectly spherical, no single value serves as its natural diameter. Instead, being 
nearly spherical, a range of values from 39922 km to 40054 km spans all proposed diameters 
according to need, and several different ways of modeling the Earth as a sphere all yield a convenient 
mean radius of 40010 km ( = 3,959 mi). 


Aryabhatiya also estimates the circumference of Earth, accurate to 1% which is remarkable. He gave 
the circumference of the earth as 4 967 yojanas and its diameter as 1 5811/24 yojanas. Since 1 
yojana = 8 k.m. this gives the circumference as 39966 km, which is an excellent approximation to the 
currently accepted value of 40074 kms. 

He also gave the correct explanation of lunar and solar eclipses and that the Moon shines by reflecting 
sunlight. Aryabhata states that the Moon and planets shine by reflected sunlight. Instead of the prevailing 
cosmogony in which eclipses were caused by pseudo-planetary nodes Rahu and Ketu, he explains 
eclipses in terms of shadows cast by and falling on Earth. Thus, the lunar eclipse occurs when the 
moon enters into the Earth's shadow (verse gola.37). He discusses at length the size and extent of the 
Earth's shadow (verses gola.38-48) and then provides the computation and the size of the eclipsed 
part during an eclipse. Later Indian astronomers improved on the calculations, but Aryabhata's methods 
provided the core. His computational paradigm was so accurate that 18th century scientist Guillaume 
Le Gentil, during a visitto Pondicherry, India, found the Indian computations ofthe duration of the lunar 
eclipse of 30 August 1765 to be short by 41 seconds, whereas his charts (by Tobias Mayer, 1752) 


were long by 68 seconds. 


Tropical and Sidereal year 


ar and is defined as the interval in time between 


г | equinox. It is equal to 365.24220 mean 
consecutive passage of the sun through the verna 
solar days раза there are an integral number of days іп a year. 365 days for three years 
followed by a leap year of 366 days. Any year whose number is divisible by 4 is a leap year. The 
exception is the century years. A century year is a leap year only if the number of hundreds in the 


x 00 was not a leap year but the year 2000 was and 2100 will 
Fer as divisible Dy ааа SERA preceded the present one, did not have this last rule 


оре aleap year Шеш саа < 365.25 mean solar days. By 1582 the difference between 


and ga he tropical year a s ; 
this ee m oe io of the tropical year had piled up to about 12 days. It is then that the 


à ing thi г. 
Present Gregorian calendar was introduced removing this erro 
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The year used in civil life is the tropical ye 


The sidereal year is defined as the time interval between successive passage of the 
sun in front of the same star background. This is equal to 365.25636days (~365 days 6 h 
Thus the sidereal year is about 20.4 minutes longer than the tropical year. 


Mean 
Ours), 


It was noticed that the tropical year was shorter than the sidereal year by nearly 20.4 minutes. Notice 
thatthe tropical tear is defined as the successive passage of the mean sun through the vernal equinox 
while the sidereal year brings the sun back to the same background of stars. The difference between 
the two definitions of years implies that the vernal equinox yis itself shifting from east to 
west with respect to the stars. This shift is 50.2 seconds of arc in one year. After the Continuous 
works of astronomers and mathematicians and repeated observations using sophisticated telescopes 
the above value was deduced. However, as early as 5" Century CE, based on the visual observations. 
Aryabata deduced the length of the year. His value for the length of the year at 365 days 6 hours 12 
minutes 30 seconds is amazingly very close to the true value 365 days 6 hours. 


Conclusion 


After the advent of modern equipments to observe the heavens, computational facilities ang 
space age, humankind is now bestowed with better knowledge about the Universe we live-in and also 
we got sharper tools for computations. However, during the late 5^ Century and the early party of 6^ 
Century CE the lone Giant Indian Astronomer and Mathematician Aryabhata, without any tools made 
Significant contribution to the studies of Mathematics and Astronomy. Bhaskara | who wrote a 
commentary on the Aryabhatiya about 100 years later wrote of Aryabhata:- 


Aryabhata is the master who, after reaching the furthest shores and plumbing the inmost depths of 
the sea of ultimate knowledge of mathematics, kinematics and spherics, handed over the three 
Sciences to the learned world. 


Newton said that he was standing on the shoulders of the giants. The young learners must study the 
contributions of the Giant 'Aryabhata' to attain knowledge. The tradition of excelling in the field of 
Astronomy and Mathematics by Indian Scientists is continuing till date. Without learning the contributions 
by the Indian Astronomers like S. Chandrasekhar, Megnad Saha one can not become a true astronomer. 


This tradition must continue. The primary and higher level curriculum must contain suitable portions to 
boost Indian students ability in these subjects. 
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Varahamihira : A Versatile Genius 


Prof. S. Madhavan 
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40/513, III Puthen Street, Tiruvanthapuram-695002 
Tel: 0471-2472308, Mob:09847909293; E-Mail: ansmadhavan @ hotmail.com 


[Abbreviations used 
B.S.: Brhatsamhita, B.J.: Brhajjātaka, S.S.: Siddhàntas'iromani, P.S.: Paficasiddhantika] 


1. Introduction 
Battotpala invokes the Sun at the commencement of his commentary on Brhajjataka (3! thus: 


yac chastram savità cakara vipulam skandhaistribhir jyotisam 
tasyocchittibhayat punah kaliyuge samsrtya yo bhütalam | 
bhuyah svalpataram Varühamihira vyajena sarvam vyadhad 
ittham yam pravadanti moksa kus'alās tasmai namo bhasvate || 
The three-fold Jyotisa was propounded by the Sun. Fearing that it would be lost in Kaliyuga, 
the Sun took the incarnation in the world as Varahamihira and expounded the three branches in a 
Short form. This is what people with knowledge of salvation Say. Obeisance to that Sun. 


The statement is fully justified by the fact that Varáhamihira wrote on all the three branches 
of Jyotisa viz Siddhanta, Hora and Samhita. In Siddhanta he wrote Paficasiddhantika deal ing with 
the five systems of astronomy namely Vasistha, Paitamaha, Saura, Romaka and Paulis'a. 
Bhattotpala says that he wrote an abridged version of this also. 


It gives in eighteen chapters a detailed exposition of the systems. Іп Hora, he wrote 
Brhajjdtaka and Laghujataka. These deal with horoscopy. Brhatsamhita is really encyclopaedic in 
its range and deals with a wide variety of topics covering the whole gamut of terrestrial and celestial 
phenomena. The topics include transits of planets, comets, architecture, iconography, omens, 
cosmetics, water-driving, aphrodisiacs, horticulture, species of men and women, weather forecast, 
details of Indian geography etc. He also wrote an abridged version called Samdsasamhita known 
only through quotations. Vatakanika is a work on omens, exclusively. But it exists only in a 
fragmentary form as quoted in other works. On travels or what may be called military astrology he 
wrote Brhadyatra, Svalpayatra and Yogayatra. He wrote Brhadvivahapatala on marital horoscopy. 
Bhattotpala mentions that he also wrote Svalpavivahapatala. More than thirty works are attributed 
to him, but the authenticity cannot be asserted. Apart from the global sweep of learning he had, he 
was a poet who conveyed meanings through metres"! and even indulged in a metrical extravaganza 
in Brhatsamhita while describing the transits[B.S.104]. In fact, no other astronomer of India 
possessed his versatility. 

He belonged to the latter part of the fifth century A.D. and the major part of 6" century A.D. 
Am атаја mentions ш COENE? OT Brahmasphutasiddhanta Ha bar died in S'aka 
509 (587 A.D.). Not much is known about him. He mentions in Brhajjataka ^ thus: 

adityadàsa tanayastadavaptabodhah 

küpisthilah savitrlabdhavaraprasadah | 
avanitiko munimatanyavalokya samyag 


ghoram varahamihiro ruciram Ee | : Р 
B.J. 26. 
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This implies that Varahamihira was the son of Adityadàsa, and belonged to Kapisthala gotra, 
He got knowledge from him and received the blessings of the Sod He was an inhabitant of Avanti 
Some texts read Kapitthaka instead of Kapisthilah and using this, оны scholars interpret that he 
belonged to Kapitthaka village. He was a worshipper of the Sun. He has invoked the Sun in most of 
his works save possibly Vivahapatala in which he worships Kamadeva and Laghujátaka in which he 
worships S'iva. Though he invokes the Sun in Brhatsamhita at the commencement he has described 
Vişnu as the supreme being:[B.S.43.1-4] 


labdhavarah ksirodam gatva te tusluvuh surah sendrah | 
srivatsankam kaustubhamani kiranodbha sitoraskam || 

s'ripatimacintyamasamam samantatah sarvadehinam stiksmam| 
paramatmanamanddim visnumavijfiata paryantam || 


After getting the boon from Brahma, Indra with other devas, reached the milky ocean and 
extolled Visnu, the consort of Laksmi, adorned with Srivatsa and breast shining with the rays of 
Kaustubha gem, one who is incomprehensible, unequalled, the inner-self of all beings, the Supreme 
Atman and one whose beginning and end are not known. Though he worshipped the Sun following 
the tradition of the family, he was really an enlightened philosopher. 


During the time of Varahamihira the science of Jyotisa propounded by the eighteen sages was 
in shambles. He revived the learning by writing monumental treatises on the three branches of 
Jyotisa and stimulated interest in the later scientists. No wonder, Bhaskara II [S.S.1.2] makes a 
reference to him with reverence. From the verse: 


dhanvantariksapanakàmarasimhas'anku 
vetalabhattaghatakarparakalidasah | 

khyáto varahamihiro nrpateh sabhayam 
ratnani vai vararuci rnavikramasya || 


describing the nine gems in the Court of king Vikramaditya, one may conclude that he was in the 
Court of Candragupta II. But this is sheer anachronism as the periods do not tally. From his 


reference to Prthuyas'ah[B.J. 11.5] Prthugunayas'ah[B J. 11.10] and naming his son Prtuyas'as it 


appears that he was a contemporary of Vainya Gupta, Prthu and Vainya being synonymous. 


2. Contributions of Varahamihira 
(i) Paficasiddhantika 


We shall first discuss his main astronomical work Paficasiddhantika. As observed early the 
five systems of astronomy are discussed in this. 


Varahamihira observes, 


paulis'a tithih sphutoSyam 
fatsyasannastu romakah proktah | 
spastatarah sàvitrah 
paris'esau diravibhrastau || 


P.S. 1.4 


^ 


ee 
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This means that tithi given by Paulis'a is c 


orre i 
ЕЕ oes as tobs eed ct, Romaka comes close to that Saura is more 


important and could be rectified by effort. 


One important contribution of Уагаһа 


i ; | mihira is i i з 
trigonometrical functions were defi to Trigonometry. In ancient days 


ned in the following way: (see fig 1). 


Consider a circle of radius R, with centre O. Let A^ 


intersecting at right angles, one being horizontal and the other у 
ZAOC = 0. Then the arc AC is measured by 0. 


B^ 


OA and B'/OB be two diameters 
ertical. Let AC be an arc such that 


Fig: 1 
Draw CD perpendicular to OA. Then CD is called the bhujajya and OD is called kofijya. 
Then CD =R sin Ө and OD =R cos Ө. 
One can easily verify that 
(bhujajyay + (койуа) =R? 
bhujajya Ө = kotijya (90° — Ө) and consequently kofijya Ө = bhujajya (90° — Ө). 


We shall prove the following result found in Paficasiddhantika: 


R? sin? 9 = [к —Rsin (90°-26) | see[6] 
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Fig: 2 


- =[R -R sin (90°— 20) ] 


Varāhamihira took R = 120' whereas Aryabhata took it as 3438' 
From these we can infer that Varahamihira was aware of the following: 


1. зїп (90° — Ө) -—cosO 


2. sin? 0-- cos? Ө =1 


3. sin? 9 = 100229 


The values R sin 30°, R sin 45° and R sin 60° were known geometrically and using the 
formulae above R sin 0 and R cos 0 of the angles (arcs) from 0 to 90? with the interval of 3°45’ can 


be obtained. His table runs thus: 
120' sin 0 sin 0 Modern Values 
7/5" 0.06542 0.06540 


38734" | 032139 
3T30 | 733" 
84517 
4°45" | 9013" 
52°30" | 9513" 
[60° | 10356" 
10738" 
11338" 
[75° | 115'56"_| 0.96611 
78°45' | 11743" 
T 
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229501 


33°45’ 


120’ 


4 4 180 x 
Aryabhata used 3438’ instead of 120’ and 3438" 15 nearly equal to 00 Aryabhata’, 


approximation for x was 3.1416 whereas Varahamihira took it as J/10. These illustrate the 
mathematical content of Paficasiddhantika. 


i i i ficasiddhantika we not 
Before discussing the astronomical content of кашаа па ote that the Systems 
considered are Vasistha, Paitamaha, Saura, Romaka and Paulis'a. 


While commenting on P.S. 1.3 Kuppanna Sastri observes, 


“Of the siddhantas Brahma is the author of Paitàmaha, Vasistha that of Vasistha, 
Paulis'a that of Paulis'a, Romaka that of Romaka and Sürya that of Saura. From a 
dialogue between Sürya and Aruna, it can be learnt that the five siddhdntas were 
given to their respective recipients. According to tradition at the first instance 
Brahma saw this lore of astronomy embedded in the Vedas and extracted in the form 
of Paitamaha. He taught this to his son Vasistha at the behest of Visnu and again to 
Sürya who was created with the express purpose of giving Time to the Universe. 
Vasistha gave this lore to his son, Parasara who in turn gave Pards'arasiddhanta to 
sages. One sage Paulis'a taught this to the sages Garga etc. Sürya himself being born 
among the yavanas by the curse of Brahma taught this science to Romaka and 


Romaka propounded Romakasiddhanta. Thus these five siddhdntas are the most 
ancient.” 


Even these systems were lost and as given by Varahamihira these were only in the revised 
forms. See [6] for details. 


Several topics treated are common to different siddhantas. 


Ahargana is the number of days that have elapsed since the commencement of the epoch. 
Varahamihira gives it for Paulis'a [P.S.1-11-13]. Romaka [P.S.1, 8-10] and Paitàmaha [P.S.12-1-2]. 
In this way, Naksatra-tithi, Ravisphuta, Candrasphuta, Aharmàna (duration of the day) Vyatipaia, 
Vaidhrti, Solar and Lunar eclipses, and heliacal risings have been discussed in different systems. But 
Saura alone uses epicyclic theory and the geometrical model. Others do no: suggest that. 


For the computation of planetary positions, mainly two methods were used, the arithmetical 
model in which extrapolation is used and the geometrical model in which trigonometry is applied. 


We shall illustrate this first from Vasisthasiddhanta. The method of finding the longitude of the Sun 
is given thus: 


Multiply the days from the epoch by 4 and add 6. D 
remainder. Take from this successively, 
9, 9, 8, 6, 5 (the twelve quantities 125, 
120, 121.). The Sun’s ras'i Mesa etc are 


ivide this by 1461 and take the 
the quantity 126 reduced by 1, 0, 0, 0, 2, 4, 7, 
126, 126, 126, 124, 122, 119, 117, 117, 118. 
successively obtained. 


P.S. 2.1 


This is fairly a simple method without any sophistication. In the early days this would hav’ 


| ufficient. I imi Г] DES 7 a ter 
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In Saurasiddhànta, we come across the geometrical model 


ine i Var > Рог this we imagi 
planet moving in kaksyavrtta and introduce manda and S‘ighravrttas to ur сл. 


correct the mean position. 


We first discuss the motion of the Sun and the Moon. According to the epicycle theory, the 
mean Sun (Moon) moves in the kaksydvrtta and the true Sun (Moon) moves in a es "nona 
with the Шеп Sun (Moon) at the centre completing one revolution in the same time as the ied 
(Moon) but in the opposite direction. In the figure (fig: 3) A is the Apogee and S; the mean Sun 
when at рог) true and mean positions coincide. After some time the true postoi is S; and we 
need the correction ZS,AS; to get the true position. The circumference of the kaks $e is 360° 
and that of mandavritta (mandaparidhi) is given in degrees. e 


Fig: 3 


The procedure is this: To get the mean Sun at Ujjain multiply the days from the Epoch by 800, 
deduct 442 and divide by 2, 92, 207. Then subtract 80? (ucca or mandocca). This is called kendra 
(manda kendra or mean anomaly). Multiply the R sine of the Sun by 14 (manda paridhi). Divide by 
360° and get the arc. The arc is to be deducted from the mean Sun if the anomaly is less than 6 ras'is 


and added if it is greater than 6 ras'is. 
In short, if m is the mean longitude, / is the true longitude, ucca is a and r is the manda 


paridhi, then t =m-(R sin)” [l Rsin (n-2)]. 


In the case of the Moon the procedure is similar. For other planets namely Mars, Mercury, 
Jupiter, Venus and Saturn, there is also a s‘ighra correction apart from theimanda Connector oen 


above. 
tting mean positions are given. The mandoccas are available in the text. 


Th dure for ge 
€ procedure tor g ean Sun. For Mercury and Venus they are 


S‘ighra for Mars, Jupiter and Saturn is the same as the m 
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separately given. The s'īghra paridhis and manda paridhis are given in the text. With these, we are 
in a position to compute the positions of star-planets. 


Step 1: Deduct the mean from the s'zghra. The remainder is 5 толға kendra. If it is less than 90°, 
120 sin (s'rghra kendra) is called bhuja and 120 sin (90° — s'";ighra kendra) is called koji. 


If the s'ghra kendra is more than 90? and less than 180°, subtract it from 180°. If the s'rghra 
kendra is more than 180° and less than 270°, deduct 180? from s’ighra kendra. If it is more than 
270° and less than 360°, deduct it from 360? and find bhuja and Kofi in all these cases. 


The bhuja and kofi must be multiplied by the planet’s s'rghra paridhi and divided by 360°. 
Thus transformed, they are bhuja result and kofi results related to the s'zghra correction. If the 
s'ighra kendra between 270° and 90°, the kofi result is to be added to 120 (trijya). If the 5 телға 
kendra is from 90° to 270°, the kofi result has to be subtracted from 120. Square this and add to the 
square of the bhuja result and extract the square root and divide by that 120 x bhuja result. Find 


(120sin)* of this. Subtract half this from the longitude of mandocca if the s толға kendra is 0° to 
180°. Otherwise add. 


Step П: Half rectifying the mandocca position thus, deduct it from the mean. The result is to be used 
as kendra (anomaly) of mandocca in the second step. As we find the bhuja of s'ighra kendra, we 
find the bhuja of manda kendra. Multiply the bhuja of manda paridhi and divide by 360 ? and get 
the transformed bhuja-result for mandocca. Find (120sin) ' of this. Add half of this arc to the half- 


rectified longitude of mandocca if the anomaly is from 0 to 180°, otherwise subtract. 


Step III: Subtract this rectified mandocca from the mean and we get the manda kendra. Find the 
bhuja and multiply by the manda paridhi and divide by 360°. The bhuja result is got. Find 


(120sin) ‘of this and subtract from the mean if the kendra is between 0 and 180 °. Otherwise add. 
This is the rectified mean. 


Step IV: Deduct the rectified mean from s‘ighra. The s'ighra kendra is got. Find the bhuja and kofi 
of this as in the Step I. Multiply the bhuja by s'ighra paridhi and divide by 360°. Multiply the Kofi 
by the s Толга kendra and divide by 360 °. Following the procedure in Step I, and getting this result 
add to or subtract from 120 accordingly as the kendra is between 270° to 90°, or 90° to 270°. Square 
this and add to square of the bhuja result and find the square root. Divide bhuja result x 120 by this 
square root. Find (120sin) of this. Add this to the rectified mean if kendra is from 0 to 180°. 
Otherwise, subtract. The geocentric longitude of the true planet is got. For Mercury and Venus 
additional procedure is given. 


The method is similar to that given in various books on astronomy. But Varahamihira 
suggests some corrections which require research. 


Apart from the computation of planets various aspects of astronomy are discussed. 
These give the general method of Saurasiddhanta. There is a later Saryasiddhanta"! which 


differs from the one discussed here. In that frijyd is taken to be 3438'. Also the variable epicycles 
imply the partial ellipticity of the orbits as shown by S. Madhavan"), 


From Varahamihira’s observation in Brhatsamhita [B.S.17.1] it is believed that the present 
Paficasiddhantika is not complete. It is also likely that Varahamihira wrote a separate book on 


Süryasiddhànta. 
Ae > 
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(ii) Brhatsarnhita. 


Brhatsamhità is encyclopaedic in its range and explains many physical phenomena 
scientifically. Warahamihira gives the cause of eclipses thus: 


bhücchayamr svgrahane bhaskaramarkagrhe pravis'atinduh | 
pragrahanamatah pascannendorbhanos'ca purvardhe || 


B.S. 5.8 


When the Moon enters the shadow of the earth, lunar eclipse is caused. When it enters the solar 
region, solar eclipse is caused. That is why a lunar eclipse does not begin at the west, nor does the 
solar eclipse commence at the east. The legend of Rahu devouring the luminaries to retaliate for the 
unfair treatment given to him at the time of extraction of ambrosia from the milky ocean has been 
unceremoniously brushed aside. 


While describing the rainbow he says, 


suryasya vividha varnah pavanena vighatti tah karah sabhre | 
viyati dhanuhsamsthdna ye drs'yante tadindradhanuh || 


B.S. 35.1 


When the rays of the Sun of different colours are scattered and separated by the wind in the 
sky with clouds, the figure that appears is called a rainbow. 


This suggests the refraction and reflection in the clouds (sheets) of particles, a rainbow is 


formed. It is similar to the modern theory though one cannot expect from an astronomer of the 6™ 
century A.D. to be more scientific than this. 


Varahamihira's contribution to combinatorics is also important. We get in Brhatsamhita the 
following: 
pürvena pürvena gatena yuktam sthanam уїпйтїуат pravadanti samkhyam| 
icchavikalpaih kramas'oSbiniya nite nivrttih punarnya nitih|| 
B.S. 77.22 


This means that for getting ис, , write the numbers 1, 2, 3,.......и in the direct order and in 


reverse order below and retain only according to the requirement (as desired). The result is 


"е п(п- 1)....(n- r+ 1) 
: 12.2269 


(iii) Brhajjataka 
One cannot expect mathematical ideas from this astrological work. But his definition of 
paramocca (deep exaltation, a technical term in Astrology) is this: 
ajavrsabha mrgangana kulira 
Jhasavanjau ca divakaraditungah | 
das'as'ikhi manuyaktithindriyamas'ai 
strinavakavims'atibhis'ca teSstanicah || 
: В.]. 1.13 
According to this the paramocca of the Sun occurs in the 10" degree of Aries. In fact it 
cannot be the whole of tenth degree. It is only a point which is at the end of the 10% degree. 
According to the commentary Apürvárthapradarsi'kà!! on Brhajjataka the metre puspitagra 
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(blossomed at the tip) suggests that it is at the end of the 10" degree but not equal to10?. 10? is the 


least upper bound. 


In those days when proper definition of points, lines and planes were not 


formulated, it is interesting that Varahamihira has conceived of the concept of a point. In fact, 
Varahamihira uses the same metre puspitagra whenever paramocca is referred to, corroborating the 
view of the commentator. 


3. Conclusion 


We have culled out from Varahamihira’s works, the scientific notions and mathematical 


principles used by him. By any standards he has a unique place. He was a poet and undoubtedly no 
other Indian astronomer had his versatility. 


64 


REFERENCES 


Apurvarthapradars'ika 


Brhajjataka 
of Varahamihira 


Brhajjataka 
of Varahamihira 


Brhatsamhita 
of Varahamihira, 


Paricabodha 


Райсаѕіааһапіка 
of Varahamihira. 


Quasi-Keplerian Model of Süryasiddhànta 


Siddhantas'iromani 
of Bhaskara II 


Süryasiddhànta 


Commentary on Varahamihira’s Horàs'astra 
by A.N. Srinivasaraghava lyengar,Adyar 
Library Series, Madras, 1951. 


With commentary of Rudra, ed. Suranad 
Kunjan Pillai, Kerala Univ., 1958. 


With the commentary of Bhattotpala, 
Jayaccandrika Bombay, 1874 


Ed. with tr. M. Ramakrishna Bhat, MLBD 
Delhi, 2 parts, 1981, 1982. 


Anon. ed, Kanippayyoor Sankaran 
Namputiripad, with commentary in 
Malayalam, Panchangam Press, 
Kunnamkulam, 1931. 


Tr. T.S. Kuppanna Sastri ed. K.V. Sarma, 
P.P.S.T. Found. Adayar, 1993. 


S. Madhavan, T.S. 500, Inter-Univ. Centre, 
Ind. Ins. Adv. Study, Simla, 2002. 


ed. with Vasanabhasya and Vartika of 
Nrsimha Daivajfia, Varanasi 1981. 


Ed. with commentary by Kapileswara 
Caudhary. Chaukmbha Sanskrit Sansthan, 
1983. 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


Sa Ancient Indian Mathematicians 


Brahmagupta 
Prof. Anant W. Vyawahare, 
* Nagpur, India 


Bramha Gupta was the first mathematician who dared to correct some of the results of Arya Bhat 
(First) of fifth century AD. This article contains four parts: the life sketch of Brahma Gupta , the books 
he authored, his contributions to mathematics and comments on his work. 


1.Life Sketch; Brahma Gupta was born in southern part of Rajasthan, a north-west state of India in 
598 AD. He belonged to a well known 'Waghela' family of place Bhimnal . This place is situated 
between Mount Abu and river Luni ( Latitude25 °, longitude72 ©), close to Rajasthan-Gujarat border. 


He was an authority on astronomy and astrology also. Because of high degree of intellect, he was 
appointed as chief of an observatory at a place Ujjain in the state Madhya Pradesh of India. 


It seems that he was a disciple of another astronomer Varah Mihir from the same place Ujjain . He 
studied the works of Varah Mihir and made commentary on his works. It is said by many historians 
that Arya Bhat (1) stated the results of astronomy, but Brahma Gupta proved those results and also 
contributed some more. 


2. Works of Brahma Gupta : Brahma Gupta wrote three texts (1) Brahma Sphut Sidhanta ( various 
astronomical results of Brahma Gupta) (2 )Khand Khadyaka (Sweet toast) (3) Uttar Khand -Khadyaka 
( More sweet toasts) All these texts are in Sanskrit Language. 


2.1 Of all these texts, Brahmasphut- Sidhanta is supposed to be the standard and basic text in 
astronomy. This book contains 24 chapters and 1080 verses. 


First ten chapters deal with astronomy. Supplements to these results are given chapters. 13 to 17.АІІ 
these chapters include the motions of celestial bodies, their speed, solar and lunar eclipses- rise and 
decay of eclipses, lunar shades , predictions about full moon day and new moon day etc. 


Chapter 11 contains criticism about the results of previous mathematicians and the corrections 
suggested by Brahma Gupta. This chapter is named as Dushana (criticism). 

Chapters 12 and 18 contain arithmetic ,algebra and geometry... These include progressions, 
permutations, linear and quadratic polynomials, properties of cyclic quadrilaterals etc. 


The 18 th chapter contains puzzles and various forms of quiz. This chapter is name as kuttak ( puzzles, 
specially in algebra) chapter. 


Previously arithmetic and algebra were termed as mathematics only. It was Brahma Gupta who 
separated arithmetic and algebra. Also he named algebra as kuttak branch of mathematics. 


Chapters19 to 24 deal with solid geometry. These chapters include the volume, surface areas and 
other properties about cone, cylinder, sphere and other relevant results. 
The 25" chapter, not included in this text is Dhyanagraha, containing 72 verses about astrology. 


2.2 The second text, Khand Khadyaka (Sweet toast) contains chapters ,spread over 265 verses, all 
in Sanskrit language. It is a practical manual of Indian Astronomy. This text deals with time measurement 
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and about length of day, month and an year. Brahma Gupta claims that the length of a year is 365 
days,15 hours and 30 seconds. 


Many results about astrology are also mentioned in this book. The effects of movements of celestial 


bodies on human life and his nature is mentioned in Khand Khadyaka . This contains nine chapters, 
and expounds the midnight system. 


Some historians commented that this text is meant to compete with similar results of Araya Bhat (1). 
but Brahma Gupta had refuted this charge and claimed that it is his original work. 


This text , Khand Khadyaka became very popular then because it contained astronomy, as every 
one is eager to know about his future!. 


It gives results useful in everyday life, birth, favorable timings of marriages etc. quickly and in a 
simple way. 


In the Sindha province this text was translated in Sindhi language. This translation is named as Sind- 
Hind. This text is also known as purva Khand-Khadyaka 


This text was translated into Arabic first by al-Fazari in 8^ century and then by al-Biruni in 11 th century. 
It was because of this that Arabs were acquainted with a scientific system of learning and practicing 


astronomy. Bhaskarachaya( 11), (11^ century) ,described Brahma Gupta as “ Ganakchakrachudamanr" 
(Jewel among the ring of mathematicians) 


2.3 The third text of Brahma Gupta is Uttar Khand-Khadyaka ( More sweets). This text is a supplement 
to Khand-Khadyaka.lt contains 5 chapters. 


Uttar Khand-Khadyaka contains the numerical corrections to the results of the second text. Also it 


contains the various methods of proving the results and answers to some questions posed in the 
second text. 


Brahma Gupta had a practice of writing numbers from right to left and also in the reverse way. He 
claimed that there are 20 operations like addition, subtraction etc. 


He has given methods of finding the squares, square roots, cubes and cube roots of numbers. Some 
of these methods ore tedious and cumbersome, not applicable to all numbers , and hence were not 
popular. 


Brahma Gupta proved that addition and subtraction, multiplication and division are inverse operations. 
He had given many examples for this verification. 


3. Mathematical Contributions of Brahma Gupta: 
1. Brahma Gupta's style of writing is compact and concise. 


Brahma Gupta was aware about the concept and place value of zero, which came from Mayan 
mathematics (Central America). He stated the rules like 


a+0=a,a.0=0, a—O=a,ax(-b)=-axb=-axb, 


But he made a mistake by asserting that ‘0 divided by 0 is 1‘. The only reason for this is that he could 
not foresee the logical complication of this absurd statement. 
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However, he did seem aware that division of a nonzero number by zero was a matter , because 
did not offer any comments on the quantity 
a+0 
2. Method to find a square of a number: 
Use the formula: x? = (x + y)( x— y) + у? 
Hence, 13? = (13+2)(13 – 2) + 2? = 15x11+4 = 169. 
3. He stated the result (now known as Pythagoras theorem) in the following manner: 
(m? + n?) 2= (m? - n?) 2+ (2 тп) 2, where the sides of a right angle triangle are 
(m?-n?: 2mn and m? +n?) 


4. Following are two right angle triangles with hypotenuse 85 as : 
75? + 40? = 85? = 51? + 68? 


Now draw a circle with diameter 85 . The two right angle triangles of sides (75, 40, 85) and (51, | 
85) with hypotenuse 85 form a cyclic quadrilateral. 


This is a method for drawing a cyclic quadrilateral. 


5. Heron, (Egyptian mathematician, 50-100 AD.) obtained the formula for area of triangle as 


Area of triangle = J/[(s-a)(s-b)s-cKs-d)] , 
Brahma Gupta extended this formula, 500 years later, but independently, for the area of a quadrilate 


Consider a cyclic quadrilateral with sides a, b, c and d. 
Let2s=a+b+c+d. 


Then the area of this quadrilateral is given by 


Area = | (s-a)(s-b)(s-c)(s-d)] 
Heron‘s formula is obtained by putting simply d=0. 


6. By actually calculating the volume of a sphere, Brahma Gupta has estimated the value of (pi) е, 
3.1543, which very close to its best approximation 3.14. He verified this result later by finding t 


area of a circle. Initially, hetook л = 0 


Brahma Gupta used to say that the “practical value‘ of л is 3, and 'neatvalue'is 0 . 


7. Consider the following interesting arithmetic puzzle given by Brahma Gupta.: 


Find a number such that, when divided by 6 gives remainder 5, ^ Р 
when divided by 5 gives remainder 4, when divided by 4 gives remainder 3, when divided by 3 givi 
remainder 2, and , when divided by 2 gives remainder 1. 


Infinite Answers given by him are 59, 59 + 60, 59 + 120, 59 + 180, 
59 + 240, 59 + 300, and so on with a common difference of 60.. 
This common difference 60 is the least common multiple of all divisors. 
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Similar puzzles on cone, cylinder, sphere, and their frustums are given by Brahma Gupta with formulae, 
methods of solving these problems and their answers. One of them is the following: 


A conical well has an opening of 10 square meters area and that of its base is 6 sq. mtrs. Its vertical 
height is 30 mtrs. Find the capacity of water it will contain. 
He uses the formula: Volume of frustum to find the solution. 


8. Brahma Gupta gave a telegraphic rule for the sine function of an angle as : 
sine(0 , 30, 45, 60, 90) degrees = ,/{[0,1,2,3.4]/4} respectively. 


Similarly for other trigonometric functions. He derived the results about the spherical geometry also. 


These rules speak about high brilliance of Brahma Gupta and also about the high standard of 
mathematics in those days. 


9.. Formula of lengths of diagonals of a cyclic quadrilateral: 
Let a, b, c, and d be the sides of a cyclic quadrilateral. 


Let x and y be the lengths of its diagonals. 


Then, x z4/( (ad+be).(ac+ bd) / (ab 4 cd) }, 


and y= J((ab-cd).(ac- bd)/ (ad  bc)) , 


10. A noteworthy contribution of Brahma Gupta is formation of cyclic quadrilaterals in which the sides, 
diagonals and area are all rational numbers and the diagonals intersect orthogonally. 
The quadrilaterals are known as Brahm Guptan Quadrilaterals 


He said : If there are two right angle triangles of sides (e, f, g) and 
(p,q, r),the Brahm Guptan Quadrilateral will have the sides 
(e.r, f.r, g.p, 9.9). Here, e.r stands for the product of e andr. etc. 


11. Brahma Gupta's Lemma: This contains a conjecture to solve an equation nx? + с = y? ,where п 


is a natural number, This is similar to Pell's equation. Brahma Gupta solved this equation by recurrence 
relations. 


Let æa , В be the solutions of nX^«c-y? œ and be the solutions of nx? + c, = у? 


.Then x = af, + o,B andy = naa, + ВВ, are the solutions of the equation пх? + cc, = y. 


Interestingly, Brahma Gupta said that x? - N y?=-1 cannot be solved unless N is a sum of two squares. 


Brahma Gupta proposed a problem of this type: 


Solve: x?- 92 у?= 1, with his comment—"A person solving this problem, with integer solution, within an 
year is a mathematician !! " 


The smallest solution Brahma Gupta gave is x = 1151 and y = 120 


Using this theme, Bhaskaracharya (1I), (11 th century), proposed a similar problem: х? - 61 y?z 1 . 
And the smallest solution given by him was 
x = 1766319049 and у= 226153980. 


ae ne 
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B 


(Interestingly, Archimedes (287-212 BCE) proposed a similar problem, about 700 years earlier,: 
Solve x? - 4729494 y?z 1. 
And the smallest solution of this equation was that both x and y contain 206545 digits !! ) 


12. Interpolation. Prior to Brahma Gupta, the first order interpolation methods ,called linear 
interpolation, to find the intermediary functional values between the tabulated values, were known. 


Brahma Gupta was the first to give the second order interpolation for equal as well as unequal tabulated 
intervals. This rule is equivalent to present Newton-Sterling interpolation formula. 


13. Rational Box: Brahma Gupta's parameterization of rational triangles lead naturally to some 
interesting problems, One of the problems he proposed is of a ‘rational box’ 


“Find a rectangular box such that the areas of each face is a rational number, all edges are rationals, 
the body diagonals and face diagonals are all rational numbers" 


Many mathematicians, including Euler and Mordell tried for this box, but failed. 

In 1719,Paul Halcke proposed the nearest solution: 

The edges of this box are 44, 240 and 117, with integer face diagonals. However the body diagonals 
came out to be irrationals. The problem still remains unsolved. 


14.The solution of a quadratic equation ах? bx = c, given by Brahma Gupta is 


х= Lord ac (b/ 2) Iz 


which is same as х= Lo + Jlac +b? |} 2a what we use now. 


15. Rational triangles: Brahma Gupta defined a rational triangle as a triangle with rational sides 
and rational area., he asked to find such a triangle. 


He proposed the following solution : A triangle with sides a, b, and c is a rational triangle if 
а= (и? + №2) / у, b -(u?- w?)/w, cz (u? - 2) /у + (и? - w?)/ w, 
for some rationals u, у, and w. 


A stronger claim, Brahma Gupta, is that and y such rational triangle can be split into two right triangles. 
These two triangles have the sides as 


[(u2 - v?) / v , 2u, (и2 + v?) / v] and [(u* - w?) / w , 2u, (и? + м?) /w] 


Ex: One such rational triangle, Brahma Gupta proposes a problem, has sides 13, 14 and 15 Split this 
triangle in to two right angle triangles with rational sides. 


The solution : The two right angle triangles have the sides 

(5.12 and 13) and {9,12 and 15). the height of each triangle is 12, Their inclined sides are 13 and 
15, and bases are 5 and 9 , so that their sum is 14. So that {13 , 14, 15} forms a rational triangle . Its 
area is 84. 


Brahma Gupta stated the results about the rational isosceles triangle, rational trapezium, rational 
rectangle and irregular quadrilateral also. 
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16 . Brahma Gupta fairly accurately computed the circumference of earth . 
17. Brahma Gupta stated the formulae for the length of common chord of two intersecting circles. 
Also, he stated the results for chords, segments, and areas they cover. 


18. Brahma Gupta stated the formula for finding the side of any regular polygon inscribed in a circle 
of given diameter. 


19. Brahma Gupta was the first to state that the volume of a cube is equivalent to volume of six 
regular tetrahedrons taken together. 
Atthe same time he stated a formula for the volume of a tetrahedron. 


20. Brahma Gupta had rules for calculating the time of the day from shadow- measurements, the 
lengths of shadow from the known heights of the gnomon and its horizontal distance from the light. 


21.The rule for the radius R of circumcircle of a triangle is given by Brahma Gupta as: 
2R -a/sinA = b/sin B = c/sin С, where a, b, c, are the sides of a triangle ABC opposite to 
angles A, B, C respectively. 


22. Brahma Gupta was first one to give the solution of Difointine equation ax + by + = c, where a, b, 
and c are integers. He stated that for the integral solution of this equation, the greatest common 
divisor of a and b should divide c. 


He proposed that if a and b are relatively primes, then the solution of the above equation is 
х=р+ тб, y=q- ma, for some integers p, q and mis an arbitrary. integer. 


4. Comments. 

1. Besides mathematics and astronomy, Brahma Gupta had keen interest in Physics. He claimed the 
"bodies fall toward earth because of nature of earth to attract the body, as water flows along the slope 
of the surface." This indicates that he had a strong sense of gravitational force. 


2. At the age of 30 yrs., he wrote the supreme text “ Brahma-sphut-sindhanta " which was a miracle 
in the field of mathematics in those days. 


3. All the period in his life, he was treated as‘ defeater of Aryabhat(l), and Brahma Gupta did not 
oppose to this comment. But in this second text Капа Khadyaka, he praised Arayabhat (1) for his 
wonderful results. 


4.He was famous as astronomer and astrologer , though his work in mathematics was enough 
significant. 


5. Brahma Gupta treated himself as disciple of and astronomer Varah Mihir (5 th century) 


6. Brahma Gupta did not gave the proofs of all his results. Later on, these proofs were undertaken by 
the scholars of Aryabhat School like Bhaskara ll. 


7. Brahma Gupta did not give any expression about the area of trapezium, but mentioned many of its 
properties and its diagonals. 


8. Brahma Gupta used laws of reflection to solve the problems of heights and distances. 
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9. Brahma Gupta used mathematics mainly to promote astronomy. That was practice in medieval 
India in those days. 

10. Aryabhat ( 6" century) suggested the use of letters for the unknowns. Brahma Gupta used 
abbreviations for each of several unknowns in special problems. He also used suffixes in some cases. 


11.A negative number was distinguished by a dot, and no bar is used to denote a fraction , as , — 3/ 
4 was denoted by . 34. 


12. Brahma Gupta discarded the negative root of a quadratic equation, and said that the square 
root of a negative number were absurd and hence did not exist. 


13. An interesting comment on problems is given by Brahma Gupta 
. Не said: “The problems are proposed simply for pleasure; a wise man can invent thousands of 
such problems and also solve them; 


As the Sun eclipses the stars by his brilliancy ( sunlight), so a man of knowledge will eclipse the fame 
of others in the assembly of people, if he proposes algebraic problems and still solves them." 
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ГЕТ di: 


Mathematical Inventions 


Collection : Anant W. Vyawahare m Nagpur 


Introduction: This collection is meant to exhibit various mathematical results, in a comparison 
form. Many of the results , which we use, are attributed to foreign mathematicians. But looking 


through the pages of history of Mathematics, it observed that Indian mathematicians already obtained 
these results few hundred years earlier.. 


There is no intention to show which result is stronger or weaker, or any sense of superiority or inferiority. 
In the following, the (A) part of result is Indian invention, and immediate (B) part is a foreigner's claim. 
The period of each invention is also mentioned. 


1 (A).Bodhayan: Diagonal square theorem ( BC 800) . 
The altars constructed for the worship are in rectangle / square shape , where the square of 
diagonal is equal to sum of squares of adjoining sides 
(B) Pythagoras theorem ; (BC 540) 
2. (A) Aryabhat's Kuttak by-ax =c (499 AD), where kuttak means 
algebraic equation Brahmagupta (6" century) calimed that this equation will have an integer solution 
providedgreates common divisor of a and b divides c. 


(B) Diophantine Eq.(500 AD) 


3.(A) Varahamihir ; Tri-Lostaka (488-587AD) 
(B) .Pascal: Pascal triangle (1623-1662 AD) 


4. (A) Brahmagupta N x? + 1 2 y? (628 AD) 
(B) John Pell :: Pell's equation (1610-1685 AD) 


5.(A) Brahmagupta 's formula for area of cyclic quadrilateral 


A= J[(s-aXs-bYs-c)s-d)] (628 AD ) 


(B) Heron's formula for area of a triangle 
A= .j|(s-a)(s-b)(s-c)(s-d)| (100-50 BC) 


6. (A) Virahank's series: 1,1,2,3,5,8,13,21......... ,(600AD) 
(B) Fibonacci series 1,1,2,3,5,8,13,21...., (1170-1250 AD) 

7. (A) Mahavira formula(850 AD) for combinations "Cr = (n)!/ (r!) (п-г)! ( ! stands for factorial) 
(B) Herigone's formula(1634 AD) 


8. (A) Bhaskaracharya (1114-1193) Formula for relative difference (retrograde motion) 
(B) Rolle's theorem(1652-1719 AD) 
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по ы 


9 (A).Madhav's theorem (1340-1425 AD) 
x-tanx/1-—tan?x/3--tan*x/5- ....... 


(B) Gregory Series(1638-1675) 

10. (A) Madhav's series II (pie) = 1-1/3 + 1/5 - 1/7 +........... (1340-1425 AD) 
(B) Leibnitz 's expansion (1646-1716) 

11.(A) Narayan Pandit (1356 AD), factorization method 
(B) Fermat's result (1601-65): divisiors of a number 

12. (A) Bhaskaracharya (1114-1193 AD) method of finding greatest common divisor 
(B) Euler's division algorithm (1707 - 83 ) 

13 (A) .Permeshwara's formula for finding circum-radius of a cyclic quadrilateral (1360 AD) 
(B) Huiler's similar formula (1782AD) 

14. (A) Nilkanth Somyaji (1444-1545 AD), Summations "n, "n? and" n? 
(B) Euler's similar results (1707-1783 AD) 

15 (A )Nilkanth Somyaji (1444-1545), sine rule: a/sin A =b / sin B = c / sin С 


(B) Euler's results 2R = a / sin A =b / sin B =c / sin C, 
where R is the circum-radius of a triangle ABC 


16. (A) Brahmagupta(628 AD ), volumes of frustum of cone and of pyramid 
(B) Kepler (1571-1630, German) 


17 (A) Jyeshtha Deo (1500 AD) 
formulae for sin (x + y) and cos (x + y)in the text ' Yuktibhasha' 


(B) Euler (1707-1783 AD) 
18 (A)Jyeshtha Deo (1500 AD), Linear equations 
(B) Liebnitz similar results (1646-1716) 
19 (A)Jyeshtha Deo (1500 AD) volume and surface area of a sphere 


(B)Liebnitz similar results by method of integration, (1646-1716) 
20. (A)Shankar Variar (1500-60), Values of д / 4,6 /16 in series 
(B) Gauss similar results (1777-1855) 
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Comments: 
1. This list is not all inclusive. More such results can be found out. 


2 This list in not aimed at showing whose contribution is of higher intellect. It is an attempt to show 
that many of the results were obtained in India earlier. 


3.. The concept and place value of ZERO is given by Maya civilization 


( 250 -900 AD) of Central America ( Mexico region). They used" a shell or an eye of a fish or bird “as 
a symbol for zero . 


Zero should not be attributed to India. Varaha Mihir , a contemporary mathematician from India gave 
a symbol‘ 0 * ,( a circle), which is accepted universally. 
For this clarification, it is not included in the above list. 


4. Most of the ancient Indian literature in mathematics is in Sanskrit language or in Modi manuscript. 
Hence it was difficult to decode these inventions, and hence did not cross the Indian boundaries. 


5. Foreign missionaries entered India through Kerala, where school of mathematics was academically 
rich. It is presumed that this knowledge of mathematics went from Kerala to Western countries and 
then were published there, hence their inventions were coined more than those of Indians. 


6.It must be accepted that the results of the Western mathematicians аге more stronger than those 
of Indians. 


7.Lastly, the western mathematicians gave a 'written' proof of every result they invented; Indian 
mathematicians simply stated the results, ( mostly without any proof), that too in story form, or in form 
of verses ( for ex. 'Leelavati' of Bhaskaracharya). 

Pythagoras theorem is mentioned is Shulba Sutra, but very rightly, the credit of this result goes to 
Pythagoras , because he 'proved' the theorem. 
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Bhaskara - I (600 - 680 AD) 
Sri V.G. UNKALKAR 


The period 400-1200 AD is often known as golden age of Indian Mathematics. Mathematicians 
like Aryabhatta, Varahamihir, Brahmagupta, Bhaskara — I, Mahaveer, Bhaskara — II to name a 
few gave broader and clearer shape to many branches of mathematics. All these mathematical 
works were composed in Sanskrit in the form of shlokas(verses) or sutras(formulae) in order to 
memorize easily by students. This was followed by prose commentary by many scholars, so that 
the subject is thoroughly understood. 


The most fundamental contribution of ancient India in mathematics is decimal system of 
enumerations including, of course, of zero. The world's most ancient literature — Vedas — 
contains a statement of 9 digits and zero and also huge quantities of arithmetic counting for 
which distinct numbers and designations existed in Vedic arithmetic unlike in our modern math- 
ematics. The invention of zero expresses the total neutrality and the state of equilibrium of forces. 
It is the symbol of perfection and self completeness — symbolically quantified as small circle 


Apart from the early contribution to the study of concept of zero as a number, negative numbers, 
so called modern definitions of sine and cosine were developed in India. These concepts were 
transmitted to Middle East, entire Europe and led further development that now form the 
foundations of many branches of mathematics. 


The credit for the representation of numbers in a positional and systematic manner goes to the 
ancient mathematician Bhaskara (600 to 680 AD). He is commonly called as Bhaskara / to avoid 
confusion with 12th century mathematician Bhaskara (1114 to 1185 AD) who is known as Bhaskara 
Il. Bhaskara | was the first mathematician to use first nine brahmi numbers (1 to 9) using a small 
circle for zero in a scientific manner in Sanskrit. Oftenly Bhaskara | explains a number given іп 
this system using the formula ‘Ankir Ap? which means ‘In figure this reads’ by repeating it in the 
written form. These figures are written from left to right in descending values as we write it today. 
Therefore, at least since 629 AD the decimal system definitely existed and known to Indians! 


Much less is known regarding the life of Bhaskara 1, but the clues to possible locations for his life 
such as capital of Maitrika dynasty of 7th century Valabhi (today's Vale), Sivrajpura — both in 
Saurashtra (in today's Gujrat State). Also mentioned are Bharuch (Broach) in South Gujrat, 
Asmaka (in Andhra Pradesh) and Thanesar (in East Punjab) which was ruled by king Harsha 
since 606 AD for 41 years. Hence the reasonable guess is that he was born in Saurashtra and 
later moved to Asmaka town. Asmakais the location town of the famous astronomical school of 
followers of Aryabhatta (475 to 550 AD). Bhaskara lis considered as the follower of Aryabhatta 
and one of the most renowned scholars of Aryabhatta's astronomical school 

Born in 600 AD in Saurashtra, his father educated him in astronomy and later he developed his 
astronomical and mathematical knowledge in Aryabhatta's astronomical school. 


Bhaskara | wrote two treatises — The Mahabhaskariya (Great book of Bhaskara) and the laghu 
Bhaskariya (small book of Bhaskara). He also wrote commentaries on the work of Aryabhatta 
which is known as Aryabhatiyabhashya. This work was written in 629 AD and is known to be the 
oldest prose work in Sanskrit on mathematics and astronomy. All his contributions are mainly the 
expanded work of Aryabhatta and they were most popular in South India. Bhaskara / and 
Brahmagupta are the most renowned mathematicians who made considerable contributions to 
the study of fractions. 


In his commentary on the work of Aryabhatta, Bhaskar | explains Aryabhatta's method of solving 
linear equations in detail and provides number of illustrative astronomical examples. He stresses 
in providing mathematical rules rather than just reifying on tradition or expediency. 
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Mahabhaskariya comprises of 8 chapters dealing with mathematical astronomy. The Verses 
deal with mathematics and contain variable equations and trigonometric formulae. This also 
includes solutions of indeterminate equation, rational approximation of sine function, and formula 
for calculating sine of an acute angle without use of tables correct to two decimal places. The 
formula in modern notation is 

Sin x = 4x (180-х) + [40500 - x(180-x)] 


Where acute angle x in degrees, gives amazingly accurate value with less than 1% error. 


He gave the relation between sine and cosine. He also provided the relation between sine of an 
angle greater than 90 to 360? to that less than 90? . 


He dealt with assertion: If P is a prime number, then 1+(Р-1)! Is divisible by P. This was proved 
later by А! Haithan. Itis also mentioned by Fibonacci and is now known as Wilson's theorem. 


Bhaskara | stated a theorem about solutions of so called today’s Pell equations. For example : 
As a problem he writes : ‘Tell me, O mathematician, what is that square which multiplied by 8 
becomes together with unity a square ?' Speaking in modern terms he asked for the solutions of 
Pell equation 

8x2 + 1 = y? 
The solution being x = 1 and y = 3, from which further solutions can be constructed. 
(eg x26andyz 17) 


Bhaskara | also discusses in both of his treatises, the chapters like planetary longitudes, heliacal 
rising and setting of planets, conjunction amongst planets, solar and lunar eclipses, phases of 
the moon etc. dealing with astronomical aspects. 


His mathematical features include: numbers and symbolism, the classification of mathematics, 
the names and solution methods of equations of the first degree, quadratic equations, cubic 
equations and equations with more than one variable', symbolic algebra, unusual and special 
terms in Bhaskara's work, weights and measures, the Euclidean algorithm method of solving 
linear indeterminate equations, examples given by Bhaskara | illustrating Aryabhata l's rules, 
certain tables for solving an equation occurring in astronomy, and reference made by Bhaskara | 
to the works of earlier Indian mathematicians. 


The mathematical world lost the great astronomer and great mathematician Bhaskara Iin 680 
AD at Asmaka at the age of about 80 years. 


Viewing at the contributions of Bhaskara | in astronomy and mathematics, one can easily remember 
Einstein's words," We owe a lot to Indians, who taught us how to count without which no worthwhile 
scientific discovery could have been made." 
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Sridharacharya.Ac.750 A.D. 


Prof. Virendra Kumar 


Sridhara is the established Mathematician of the world. His name is remembered with great honour in the field of 
Mathematics. 

OPT ЧЇЧ Wed чї ттер: ЛЕНТА: 11 

uttarato sura nilayam daksinato malaya parvatam yavat 

praga parodadhi madhye no ganakah Sridharadanyah ә 

-quoted by Ballabha in the commentary on śridharā `$ “Trisatika’. 

The method of solving a quadratic equation is famous with this name although it came in light by the books of other 
mathematicians as quotations. Sridhara was Hindu by religion. He is also known by the first verse of this *Trisatika 


' that Sridhara was devotee of Lord Siva. Some persons believe that he accepted Jain religion in his later time. 


There is a controvercy between different historians about the time and birth place of Sridhara. Some historians 
believe that Sridhara was a resident of Bengal while some others believe that Sridhara was a resident of Karnataka 
. Dr.K.S.Sukla does not agree with both opinions. Sridhara is mainly known as author of two Mathematical books 


named as-‘Trigatika’ and *Patiganita'. Three other books (1) Bijaganita (ii) Navasati (iii) Brhaspati are also known 
by his name. These books are quoted by Bhaskara II (c.1150 A.D.), Maki Bhatta (c.1377 A.D.) and Raghava 
Bhatta (c.1493 A.D.) respectively. One other book named as * Ganitapancavinsi ' also supposed to be written by 
sridhara but seeing its modern form Hayasi does not believe it to be written by Sridhara. It has come to knowledge 
that one book of Nyayasastra named ‘Nyaya kandali’ was also written by sridhara who was resident of Karnataka 


. His father’s name was Baldeva and that of his mother was Abboka. Sudhakara Dvivedi writes that it was the 


tradition of our country that nobody else except astrologers used to give their names in their books. 


In ‘Nyaya kandali’ the name of author is given. It shows that the author of this book must be an astrologer. On this 
ground Sudhakara Dvivedi concluded that the author of *Nyaya kandali’ and the author of "Trisatika' both was 
same. Sridhara has also written two Astrological books 'Jatak Tilak’ in Kannada and 'Jyotirjyanvidhi' in Sanskrrt. 
‘Nyaya kandali' was written in Sak era 913. Therefore the time of Sridhara should be near about Sa k era 913. 
According to Sudhakara Dvivedi the time of Sridharawas c.991 A.D. After comparative study of Mahavira 
(c.250 A.D.) and Aryabhatta-II (c.950 A.D.) Dr.K.S.Shukta established the time of Sridhara between c.850 
A.D. and c.950 A.D. some sentances of operation of ‘Sridhara’s book, are found in the book ‘Ganitasara Sangraha” 


of Mahavira which compel us to realize that Sridhara was born before Mahavira. Dr.Dutta and singh has opinion 
that the time of Sridharashould be about c.750A.D. Nothing can be said, with full confidence about the time and life 


history of Sridhara. 
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Mathematical work of Sridhara 


There are two available books of Mathematics ‘Triśatika’ and 'Patiganita' written by Sridhara. One copy 
of ‘Trisatika’ was in possession of Sudhakara Dvivedi ss friend astrologer Rajaji and according to ‘Ganakatarangini 
' its other copy was available in Karnataka state library. There are three hundred verses in this book. From the first 


verse of this book one comes to conclusion that this book is a summary of a larger book. 


eat fee ха {ача че mas Тс 
viles одета Уват SERT: 


natva Sivam sva viracita patya ganitasya saramuddhrtya 


loka vyavaharaya pravaksyati &ridharacaryah -"Trisatika'-l 


After praying shiva sridharacarya is creating summary of arithmetic quoting his own written “Patiganita’ for the sake 
of public. 
This statement clearly, shows that Sridhara wrote another book on patiganita besides “TriSatika’ which 


mainly concemed with arithmetic. Acommentary of Sridhara 's Patiganita is found in Ka&mira which is edited and 


translated by K.S.Shukla in English. ‘Patiganita’ is written in the form of prose. In the beginning of this book the 
tables of measurement of units are given. After this the methods of performing elementary operations of Arithmetic 
such as multiplication, division, square, cube, square root, cube root of numbers are given. Sridhara has given one 
or more solved examples for establishing rules of calculation of numbers, but he has not given their proofs. After the 
calculating rules of natural numbers Sridhara has given rules of rational fractions. He has given the questions related 


to proportions, elementary interest, purchase-sale, journey fairs, wage etc. In these examples some are very ordinary 
but supposed to be advanced. A portion of this book is related to arithmetical and geometric progressions. The end 
of this book comes with approximate hypothetical rules of area of some simple polygonal figures. But actually this 
cannot be taken as the end, because the next portion of this only available book is lost somewhere. The summary 


of the lost work of *Patiganita ` with its full contents is found in “Trigatika’. Extra things which are not in *Patiganita' 


are topics related to volume, chiti, wood, rasi and shadow Mathematics. 


Contributions and special features of Sridhara ’s Mathematics 


The special features of Sridhara’s Mathematics which are valuable in the field of Mathematics are as follows: 
1. Place names of numbers in decimal system — Arya Bhata has given the place names of numbers in decimal 
system as: 


3 fe ч a а I 
ēka da$a ca Sata ca sahasrama ayuta niyute tatha prayutam 


kotayarbudam ca vrndam sthana sthanam daSuganam - - Aryabhiya, Ganitapada2 
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The Arithmetic of Lalla, Brahmagupt, Bate$var, Bhatta Balbhadra and Sripati are not available. Most 
probably they might have used these names in same form, but sridhara has given more names like this- 


чер чт ташта AeA аа: ЧЕ Uem 

ёКат da$a Satamasmat sahasramayutam tatah рага laksam 
prayutam kotimatharbudam abjam kharvam nikharvam ca 
tasmanmaha saroja Sankum saritam patim tatastvantyam 


madhyam parardhamahuryathottaram daSagunah sanjnah - Trisatika2.3. 


Eka(1), Dasa(10), Sata(100), Sahasra(1000), Ayut( 10000), laksa( 100000), Prayut( 1000000), Koti( 10000000). 
Arbud(100000000), Abja(1000000000), Kharva(10000000000). Nikharva( 100000000000), 
Mahasaroj(1000000000000), Sariku(10000000000000), Saritapati(Samudra)(100000000000000). 
Aritya( 1000000000000000), Madhya( 10000000000000000), and Parardha( 100000000000000000) these are 


the names of places of numbers of decimal system. 


Bhaskara used these names as such. By the time of composition of the work of Sridhara, the decimal 


place value concept who well developed and generally known. This system has appeared amongst the Arabs in 
tenth century A.D. From there it went to Europe and it has now been adopted by all the civilized people of world. 


2. Zero:- 


Sridhara has given the definition and properties of zero in his book “Trigatika’. 
“If zero is added to any number, the number remains as such. If zero is subtracted from any number, the number 
remains unchanged. If zero is multiplied by any number, the result comes zero. If any number is multiplied by zero, 
the result is still zero. Similarly other operations are done on zero the result is zero”. 
Two things are clear from above statement- 


(i) Ancient Hindu Mathematics knew the difference between axo and oxa although the result of the both is 
zero. 
(ii) The meaning of other operations mean to divide zero by any number, squaring of zero, finding square 


root of zero, cubing of zero, finding cube root of zero etc. In the above explanation the division of any 


number by zero is not given any where. This shows that Sridhara knew that the division of any number 


by zero is not possible. 


The Chinese(8" century A.D.) left a gap or some vacant space between the numerals of numbers similar to the 
Babylonions where a zero was required. This is found on some Thang Ms.of the Tunhung cave temples. A symbol 
of a zero is usual circular form appeared only in c.1247 A.D. ina work sushu- chia- chang of Chin-Chin-Shio. The 
earliest use of zero in Arabia by a circular symbol was found in tenth century A.D. manuscript. The zero in its 


a aD 
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circular symbol appeared in Europe in 13" century A.D. The Kasmiria manuscript of the commentary on Śri dhara 


"Patiganita ` used (.) as well as (о) for zero. The dot symbol was also found to have been used in Bhakhsali 
Ms.(c.400 A.D.) 


3. Use of (+) symbol:- 
In the Bhakhsali Ms., the modern plus sign(+) has been used to represent minus sign. Bhaskara-I has 


. . С n І 1 5 
made use of a little circle (0) on the right of the number to be subtracted. For example IE He | was written as 


tl 
© 
© 


The plus sign to denote negative sign is also used in Jain work. ‘Dhavata’ а commentary on the ‘ Satakhandagama'. 
An other manuscript, a commentary on the *Patiganita ' of Sridhara available at kasmira has used the (4-) symbol 
for minus sign. The symbol (+) is generally used after the number affected, but sometimes it was also used before 


the number affected. Thus -3 written as 3+ and some times as +3. 


4. Use of Pati:- 


The eight fundamental operations of Indian Arithmetic after the inversion of the decimal place value system 
of numeration are: Addition(Samkalita), Subtraction(Vyavakalita), Multiplication(Gunana), Division(Bhagahara), 
Square(Varga), Square root(Vargamula), Cube(Ghana), Cube root(Ghanamula). These operations were carried 


out on a dust computing board(pati). The method required to rubbing out of digits in every operation. According 


to Arabian scholars Al-Khwarizmi (с.825 A.D.) and Al-Uglidisi (c.952 A.D.). Hindu Arithmetic entered Islam 


with dust abacus as an instrinstic tool of it. The later author replaced the dust abacuss to suit paper and ink. He 


used the Arabic word ‘Takht’ for ‘Pati’. 
5. Multiplication of numbers 


Sridhara has given four methods of multiplication of numbers. First is "Kapatasandhi', second “Tasth’, third 
*Ripvibhag’ and fourth ‘Sthanvibhag’. Believing the popularity of the first one Aryabhatta has left this method in 
his book which was written inc.490 A.D. Due to popularity of this method Brhmagupta also left it in the chapter 
* Ganitadhyaya' of his book * Brahmasphuta Siddhanta’ which was written іп c.628 A.D. Sridhara has given the 
name 'Kapatasandhi' to this method in his book "Trisatika'. In the methods of multiplication of numbers first of all 
Bhaskara has given this method in his book 
‘Lilavati’, but he has not given the name of itanywhere. Sridhara has given the name ‘Pratyutpanna’ to the product 
of two numbers. It seems to suggest that this method of “Kapatasandhi’ was known to India in 7^ century A.D. 
This method reappeared in work of the Arabian scholars Al-Nasabi(c.1025 A.D.), Al-Hassar(c.1175 A.D.), Al- 
Kalasadi (c.1475 A.D.). 
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_. соса E 


This method of Sri dhara is as follows: 
SIG ч: ате aera día 079 
аач жид Wee ае: 
utsaryotsahye tatah kapata sandhirbhava védidam karanam 


tasmimstisthati yasmat pratyutpanna statsthah - "Trisatika' 
Like in a closed door where one end of its board always covers the opposite end of the other board, the end digit 
of multiplier and the opposite end digit of multiplicand remain one upon other in starting stage. Hence this method is 
called “Kapatasandhi’. 
multiplier 


Wl 


multiplicand 


The main feature of this method of *Kapatasandhi’ was that, it was carried out in two stages: 


(i) The relative positions of the multiplicand and the multiplier followed by. 
(ii) The rubbing out of figures of the multiplicand and substitution of the figures of the product in their places. 


Sridhara has explained the method ‘Kapatasandhi’ as follows- 
‘Put the multiplicand below the multiplier and multiply one by one directly or inversely and each time shift the 
multiplier by one place’. 


Direct method of ‘Kapatasandhi’ is explained below with the help of an example. 
Example: Multiply 69 by 245 


Solution: Рис 245 below 69 such that unit place number 5 of 245 remains under 6, the number of highest place 
of multiplier 69. 


<— 
(929 69 
asi 24345 


Multiplying each digit of multiplier by unit digit 5 of multiplicand one by one. 5 x 9=45; putting 5 below 9 and 4 at 
any other place. 4 is in our hand and reserved. We shall use it at proper time. Multiply 5 by 6, we get 30. Add to 
it4 of hand. We get 34. Replace the unit place number 5 of multiplicand by 34. Shift the multiplier right to left by 
one place. 


< 
26 29 69 
2"4 "345 23105 


Below left number 6 of multiplier 69 is number 4. Multiply 4 by 9 we get 36. Now add it to second digit number 4 
of the present number under multiplier. We get 40 and further replace 4 by 0. Now 4 is in our hand. Further 
multiplying 4 by 6. We get 24. Add to it 4 of hand and number 3 ori the left of 4. Result is 31. Replace 3 by 1 and 
4 by 3. Again shift the multiplier to left by one place. 


a 629 69 
mde LOS 16905 
Proceeding in same manner we get the answer 16905. 
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чеге - 


Inverse Kapatasandhi Method 


Multiplier and multiplicand are kept such that unit place digit of multiplier is on the highest place digit of 
multiplicand and at each step multiplier is pushed one place to right. We solve the above problem of multiplication 
as following. 


Ist step 
ы; 
TUM 69 
AAS 13845 
II nd step 
E3 
6 295 69 
[з8 4\55 16565 
Ш rd step 
AES 69 


1656557 


16905 is product of 69 x 245. 


In ancient India the operations were done on the board. Still now in some schools boards are used. 


Numbers in hand are written in the corner of the board. *Patiganita' is one of the names of arithmetic. In the above 
method other numbers are written on the places of some numbers after removing them. Therefore multiplication of 
numbers is called’ Hanana’ or “Badha’ in some ancient books. In above method multiplier is shifted to other place 
by one place at each step and multiplier is multiplied by the number of the multiplicand below in number of unit place 
/ highest place of multiplier according to the method used. 


6. Division 

Sridhara has given the method of division. At that time partial divisions were done and partial quotients 
were written in separate line on the dust board and figures of these operations were obliterated. If the figures were 
not obliterated and the successive steps were written one below the other, this ancient process of division would 
become the modern method of long division. The method of extracting square root and cube root depends on the 
method of division.This seems to suggest that Arya Bhata and Brahmagupta knew methods of division. The method 
of division reappeared in the Arabian works from 9" century onwards. From Arabia, the method traveled to 
Europe where it came to be known as the gallery (galea, batello) method. 


7. Method of finding square root and cube root of any number 

In this ‘TriSatika’ Sridhara has given the methods of finding square root and cube root of any number. 
They are in use till now Narayana Pandita has used the method of Sridhara in his ‘Ganita Kaumudi’. In his book 
*Trisatika ` Sridhara has given the method of determining the nearest square root of the numbers which аге not 
perfect squares of any numbers. In sixteenth century A.D. both square root and cube root methods were given by 
Carteneo, which are exactly same as those of Arya Bhata I. Hence it is quite likely that the Indian methods of square 
root and cube root went to Europe through Arab intermediaries. 
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8. Fractions 


Astrologers of old India felt difficult to work with fractions. But study of addition, subtraction, multiplication 
and other operations of fractions was well studied before Aryabhatta-I. Therefore Aryabhatta-I has omitted the 
study of fractions in the chapter ‘Ganitapada’ of his book * Aryabhatiya. Aryabhatta has only given the squaring 
and cubing of fractions in his book. Brahmagupta and Sridhara have given all operations with fractions. In olden 
time the method of writing fractions was such that denominator was kept below numerator but there was no horizon- 
tal line between them. Sridhara has given six types of fractions and studied them. Sridhara has given the rules of 
simplifying the fractions to bring in their lowest form. Rules of their addition, subtraction and of other operations 


were given by him. We do not want to go into its details. 


9. The Formulas for the sums of squares and cubes of numbers of A.P 


Sridhara has given the formula for the sum of n natural numbers. He has also given the formulas for squares 
and cubes of natural numbers which form a A.P. Sridhara was first Mathematician who gave such type of formulas. 
The formula for Ithe sum of squares of numbers of an A.P. is as follows: 


sfr знімач ei mpi ота en ai 

dvigunita camena ganitam mukha sangunitam nireka gacchastha 

krti sankalitena yutam camakrti gunitena varga yutih - "Trisatika' 105 
a? + (a d)? + (a & 2d)? ... upto n terms 

la t (a *- 2d) * (a 4 4d ) ^ .....upto n terms ] 


«d?l +2°4+3° +4? +.....upton terms| 


The formula for the sum of cubes of numbers of an A.P. is as follows: 


яа етед aT Weed {чач wes WI 
чет=етаї ARER wur uer hr | 


śrēdhi phalasya varge pracayahate vihina vadana gunam 
mulaphalavadha nidadhyadistadicaména ghana yogah = “TriSatika’ 107 


Fa? (a а)? + (a* 2d) upto. n terms 
n 
= $*.d+S.a(a—d) where S= 5a +(n-1)d] 
10. Sridhara ’s Rational Solutions of Equation Nx^-1-y*:- 


Historian K.S. Shukla studied the Sridhara 's method of finding integral solution of the equation of the type 
Nx?+1=y? and found that the method used here is different from the method used by other Hindu Mathematicians. 
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11. Solution of Quadratic Equation 
The most popular contribution of Sridhara to Mathematics is his method of solving quadratic equations. His 
book of Algebra is not available now but his method of solving Algebraic equation of second degree is quoted by 


some later Mathematicians. Bhaskara has given the formula of Sridhara in his book ‘Bij aganita '. 


"qued AT ЧА 90: Ver ЕЧ TAT 

Чета gx TST Чаа 

caturahata varga samai krtaih paksa dvayam gunayeta 
purvavyaktasya krtaih samarupani ksipettayoreva 


The meaning of this is that multiply both sides of equation by four times of the coefficient of the second degree term 
of the unknown quantity. Further add the square of the coefficient of unknown quantity to both sides. 


Sridhara 's method of finding the solutionof a quadratic equation is like this:- 
Let the equation of second degree be ax?+bx=c. 
Multiplying both sides of equation by 4a we get 4q7x? + Aabx = 4abc 
Adding b? both sides - 4a?x? + 4abx + b? = 4ac+b? 
This can be writtenas (2ax+b)*=b?+4ac 
Taking square root of both sides 


Qax+b=4Vb* +4ac 
—b+Vb? +4ac 


weget x= 
2a 


This method is in use of school students till now. Using this formula Sridhara has also given the formula for finding 


out the number of terms of a arithmetical progression whose first term, common difference and sum is given. 
If ‘a’ is the first term, *d' common difference and ‘n’ the number of terms of a arithmetical progression. The 
sum ‘s’ of it is given as- 


5 at i-a] 


ie, n’d+n(2a-d)=2S 
using Sridhara 's formula we get, 
| _d=2at [Qa ау +845 
2d 
Many other mathematicians before Sridhara used this formula. This shows that our ancesters also knew the Algebraic 
method of solving quadratic equations. But Sridhara was the first who directly gave this method. Seeing the importance 
of Sridhara 's Mathematical work several commentaries are written on his ‘Trigatika’ and ‘Patiganita °. The 


beginning verse of this article is found as a quotation in Ballabha’s commentary of ‘Trigatika’. Sridhara is immortal 
in Mathematical world. 
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Lallacharya - An Unknown Astronomer 


& Mathematician 
Mrs.Geeta T .Pande Ghormade,**, Nagpur,INDIA 


Lallacharya was one of the leading & emirent Indian mathematicians, astronomers & astrologers of the eight century. 
This paper contains life & work of Lalla. 


1) Life of Lallacharya (720A.D.-790A.D.) 

Lalla was the son of Trivikarma Bhatt & Grandson of Taladhvaja. His date of birth is not mentioned any where ,so 
itis determined on the basis of some evidences. Amaraja's commentary on the Khadakhadyaka of Brahamagupta 
mentions Lalla as a commentator of that work. 

The main evidence in support of Lalla's date can be decided as follows: 


“Subtract 420 from the Saka year elapsed. Multiply the remainder severally by 25, 114,96 , 47 & 153. Divide each 
product by 250. The quotients in minutes should be subtracted respectively from the mean longitude of Moon, its 
apogee & node , Jupiter & the Sighrocca ( Sighra apogee) of Venus. Again multiply the above remainder severally 
by 48, 20 & 420. Divide each product by 250. Add the quotients in minutes respectively to the mean longitude of 
Mars, Saturn & Sighrocca of Mercury.’ 


What could 250 signify? It shows that Lalla corrected the positions of the planets calculated with the constants of 
Aryabhata's, by his own observations. According to the formula, 250 years after 420 Saka , which is Aryabhata's 
time , or, in 670 Saka ( A.D.748) . Thus A.D.748 may well denote Lalla's time. 


There is much similarity between Lalla's SD (Shishyadhividhidantantra) & Brahmagupta's 
Brahmasphutasiddhanta. He was a follower of Aryabhatta, Brahmagupta & Bhaskara, hence he is considered as 
the mathematician of 8^ century , believed to have been born in 720 AD & died around the year 790 AD. 


2) What part of the India did Lallacharya belong to? 

Lalla compares the half moon with the forehead of place Latadesa, which is the south part of state Gujarat. Again in 
the Ratnakosa, in the section on seasons called Rutucarca, he says( in Sanskrit language) *Lalate latinam luthitam 
alakam tandavayati." Means wisps of hair play havoc with the foreheads of the women of Lata. 


Lata was well known in the Deccan region and is mentioned in the history of these parts. On the basis of this fact 
Lalla appears to have belonged to place Latadesa. 


3) Work of Lallacharya : 
Lalla's notable works (all in Sanskrit language) include. 
1) Shishyadhividhidantantra — A work on astronomy in two volumes. 
2) Siddhantatilaka — Another work on astronomy. 
3) Rathnakosa — A work on astrology, available in manuscript. 
4) Astrological work. 
5) Mathematical work 


4) Shishyadhividhidatantra is the only work on astronomy by Lalla which is at present available. 
"Shishyadhividhidatantra' means a treatise that increases the knowledge & intellect of students of astronomy. . It 
is available in two volumes *Grahadhaya' & ‘Goldadhyaya’ 

The first volume ‘Grahadhaya” explains computation of the positions of the planets which includes several assumptions 
of Aryabhata. It has thirteen chapters on Mean planets, True Sun & Moon ,True planets, Three problems, Lunar & 
solar eclipses, Possibility of an eclipse 

It includes longitudes of the planets, Rising & setting of the planets, Cusps of the moon, Conjunction of planets, 

Conjunction of the planets with the stars ,Watipata (Time when the sum of the longitudes of Sun & Moon is 6 
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signs)& Vaidhrta (Time when the sum of the longitudes of Sun & Moon is 12 signs) & rationale of Corrections. The 
thirteenth chapter is also called Uttaradhikara . 


Second volume “Goladhyaya” concentrates on the sphere related computations & principles applied in astronomy 
It contains nine chapters on graphical representation of motion of planets construction of the armillary sphere , 
Rationale of rules , Mean motion , Sphere of earth , Motion of the celestial sphere , Description of the earth , False 
notion , Astronomical instruments & Astronomical problems. 


4.1)/n Shishyadhividhidatantra. Lalla uses the astronomical parameters of the Aryabhatta but his work is more 
comprehensive & explanatory. He also gave corrections to Aryabhata's results. This creation influenced even Bhaskara 
IL and a commentary is written by him. 


Lalla uses Aryabhata's constants with one significant difference. What Aryabhata calls the number of rotations of the 
earth, Lalla terms as the number of rotations of the celestial sphere or the sphere of constellations around the earth. 


Lalla borrows the table of R sines from Aryabhatta, using 3438 as R (2 = 3438, the number of minutes 
in a radian to the nearest integer) anddividing the quadrant into arcs of 225' each. But in the last 
chapter he gives another table called Laghujya. There he uses 150 as R & divides the quadrant into arcs of 10°. 


Some of the methods of astronomical calculations are of the same as those in the Aryabhatiya e.g. determination of 
the true places of the Sun ,Moon & planets , use of spherical trigonometry to obtain declination , earth —sine, 
calculation of obscured portion in a solar or lunar eclipse etc. 


Lalla uses R versed sine for determining ayana- valana (Deflection of ecliptic from the equator on horizon of 
eclipsed body) , ayanadrkkarmasu (visibility correction ) and the illuminated portion of the moon. He does not give 
any formula for the illuminated portion of the moon. Bhaskara I uses R versed sine in all the three cases in both the 
Mahabhaskariya & Laghubhaskariya. 


A historically important point of observation regarding the SD is that so many of the special rules here are found in 
Brahmasphutasiddhanta. Calculations of suddhi ( mean heliocentric position for superior planets , mean position 
of Sun ), laghvahargana ( Civil says between end of one solar year & any date in current year ) & hence the mean 
longitudes of the Sun , Moon etc , 


Applications of parallax in a solar eclipse , correct time of conjunction of planets & that of pata ( Moon's node; time 
when sum of Sun's & Moon's longitudes is 6 or 12 signs), are only few such cases. 


Lalla gives special methods to calculate the correct true places of Mercury & Venus. Lalla in all probably borrowed 
Brahamagupta's special rules & incorporated them in his work. It is a good synthesis of Arayabhata's & Brahmagupta's 
work. 


Bhaskara II wrote a commentary on the SD, now available in manuscript form. He also has borrowed profusely 
from Lalla. He, however, does not hesitate to criticize Lalla in his Siddhantasironani, wherever the latter went 
wrong. Some of the criticisms are very correct e.g. Lalla's formula for the true motion of a planet; his use of R versed 
sine for calculating valana (Deflection) & correction, Goladhyaya, being the second section of SD is of great 
historical significance. 


It contains the chapter on sphere of earth & description of earth, which gives the idea of geography of that time . The 
chapter on ‘False notions’ acquaints the readers with the current astronomical beliefs. The chapter on ‘Astronomical 
instruments’ gives a glimpse of the practical methods used for observations. 


Lalla is the first astronomer whose work on astronomy contains a section on the ‘Celestial sphere’ also which is 
considered as Lalla’s originality. 
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Let S be the sun, E the earth AB & CD the common tangents meeting at F, GH the Moon’s orbit meeting the 
tangents in K & L, and SE produced in M. 


Then KML is the path of the moon which is within the shadow. 
Let MN L ABF 


Then the diameter of the earths shadow within the moons path is measured by 2MN approximately. 
A ЕВЕ ~ AFNM --AA TEST 


FB BE FE 


FN NM FM 


Now MN = EB X FM 
FE 
MN = Earths radius ( FE— EM) 
FE 
2MN = 1050(earthsShadow — moon' sdis tan ce) 


Earth' sshadow 


4.3) Method to show the cusps of the moon 


Let A be the sun. AB is the bhuja (segment) drawn north, if it is north, or south if it is south. AB is then a north-south 
line on the plane surface.BM is drawn perpendicular to AB at B & equal to the koti or perpendicular. It is drawn to 
the west if the Moon is in the eastern hemisphere and to the east , if the moon is in the western hemisphere. 


AM is joined & is the Karna or hypotenuse. Then M is the centre of the Moon’s disc. Let AM cut the disc at W & 
E when produced. Then EW is the east-west line in the Moon’s disc. Draw NS at right angles to WE through M. 
Then NS is the north-south line. 


Now WE is the line along which the breadth of the illuminated or dark portion is to be marked. This breadth should 
be marked from 

W , the west point , along WE, if H is the breadth of the illuminated portion for the bright half of the lunar month. But 
if the illuminated portion, is for the dark half of the lunar month , then it should be marked in the reverse manner. 
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Let WC be the portion. Then a circle is drawn passing through N,C & S. Thus SWNC is illuminated portion of the 
Moon's disc. 


Bhaskara l's method are same that of Lalla. Bhaskara II's method are improved methods.N is the lower cusp of the 
Moon & is on the side of AB , the bhuja. When the illuminated portion is equal to half of the Moon's disc which is 
bisected by the diameter, the Moon has the beauty of the forehead of a woman belonging to the Lata- desa. 


4.4) Possibility of an eclipse: 


Ina lunar eclipse the moon is at a distance of 6 signs from the sun . So if the difference between the longitudes of the 
sun and the moon’s node is 6 signs, the moon must coincide with its node & consequently, its latitude is 0, so there 
is the possibility of a lunar eclipse. 


Ina solar eclipse, the distance between the Sun's & Moon's place is zero or 12 signs. So if the difference between 
the longitudes of the sun & Moon's node is 12 signs, the Moon must coincide with its node & consequently its 
latitude is 0. So there is the possibility of a solar eclipse. 


According to Lalla, the sum of the radii of the moon & the earth's shadow at their mean distance is 56'. So there is 


the possibility of a lunar eclipse, if the latitude of the moon is less than 56'.. This will be so if the difference between 
the longitudes of the Moon & its mode is within 12?. 


The sum of the radii of the moon & the sun at their mean distances is 32'.. So there is a possibility of a solar eclipse 


if the latitude of the moon is less than 32'. This will be so of the difference between the longitude of the moon and its 
node is within 7°. 


4.5 Conversion of minutes to anguals: 


я { it 
The relation taken by Lallais 2 rg 1 angula 


(1 angula=16mm to 21mm ) 


: 11 сар. 
Sun’s angular diameter = 20 X true motion in minutes. 


il 3 
ED "e" 
2057 True motion in angula 


Moons angular diameter 


11 
S T d MEM 
27» 2 True motion in minutes 


ilt 7 5 
ME Mer. 
2173 true motion in angular 


4.6 Probability of an eclipse at any time: 

i) If one wants to know whether there will be an eclipse after 6 months following steps can be followed. 
1) First find the mean longitude of the sun, Moon, its apogee and node on that day . 

2) Then add it to the first three longitudes 5*, 24927'. 6", 5*22^ 12'53", 

051924253" and subtract 0:90?22'41" respectively from the longitude of the node. 

3) The process must be reversed to determine the eclipses of the previous 6^ months. 


4.7 Possibility of Vyatipata & Vaidhrata 

When the sum of the true longitudes of the Sun & Moon is 12 signs & they are in different hemispheres of the ecliptic 
but on the same side of the solistitial points, there is Vaidhrtayoga. But when the sum is 6 signs & they are in the 
same hemisphere of the ecliptic but on the opposite sides of the solstitial points, there is Vyatipatayoga. 


a == == __._—_——————_————————————==: 
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This verse defines Vyatipatayoga & Vaidhrtayoga. The mean declination or madhyamakranti ( Declination of 
place of planet on ecliptic)of the moon is that declination which is calculated from its longitude , and hence it is the 
declination of the position of the Moon on the ecliptic. 


Its true declination or sphutakranti(Declination of planet's centre ) is the sum or difference of its madhyamakranti 
( Declination of place of planet on ecliptic)& latitude of viksepa( Celestial latitude of planet ). The Sun has no latitude 
& so its madhyamakranti is its sphutakranti or briefly kranti 


According to the Indian astronomers, that whole period is called vyatipatakala, during which the sum of the true 
longitudes of the Sun & Moon is somewhere near 6 signs & the true declination of any point on the disc of the Moon 
is equal both in magnitudes & in direction to the declination of any point on the disc of the Sun. 


Vaidhrtakala is that period during which the sum of the true longitudes of the Sun & the Moon is somewhere near 
12 signs & the true declination of any point on the disc of the Moon is equal in magnitude but opposite in direction 
to the declination of any point on the disc of the Sun.Both Watipata (Time when the sum of the longitudes of Sun & 
Moon is 6 signs)& Vaidhrta(Time when the sum of the longitudes of Sun & Moon is 12 signs) are denoted by Pata. 


4.8) False Notions : 

In this chapter Lalla mentions some of the beliefs prevailing then with regard to astronomical phenomena & refutes 
them. Most of these beliefs occur in the Puranas. 

The views are as follows: 

1) The days of the observers at the north pole begins when the Sun starts for the summer solstitial point & 
that of the observers at the south pole begins, when it starts for the winter solstitial point.( solstitial is that 
great circle of the celestial sphere through the celestial poles and the solstices) 

2) Thenightcomes when the mountain Meru covers the Sun. 

3) Directions can be determined at Meru. 

4) The dark half of the lunar month is the day of the manes & the light half is their night. 

5) The Moon’s orbit is above that of the Sun. 

6) Theilluminated portion of the Moon decreases because it is being sucked by the gods. 

7) Theearth is infinite. 

8) Theearth is plane like a mirror. 

9) The earth moves. 

10) The earth is supported in various ways. 


Lallacharya refutes them all, as follows: 

1) Lalla's argumentis that if the observers at the North Pole can see it descending from Aries to Gemini, they 
should also see it descending from Cancer to Virgo when the Sun travels exactly along the same diurnal 
circles. So the current belief cannot be correct. 

2) Lalla maintains that the night is not caused by Meru but by the shadow of the earth. 

3) Lalla says that no direction can be determined at Meru , because there the observer's horizon coincides 
with the celestial equator & hence there is no east point. 

4) Lalla states that the whole of the light half of the lunar month cannot be the day of the manes, because they 
do not see the Sun after the eighth day. 

5) Lalla says that if the Moon were above the Sun , it would always be illuminated like a star. Moreover then 
it could neither cause a solar eclipse nor could it be obscured by the earth's shadow. 

6) Ifthe Moon's daily decrease were due to its being sucked by the gods mathematics would be of no use in 
computing its light & dark portions. 
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7) Lalla says that the earth could not be infinitely large , as then the sphere of the fixed stars could not go round 
itin one day. 


8) Lalla maintains that the earth is spherical & not a plane. But as only a small portion of it is visible ata time, 
that may be the reason for its appearing as level as a mirror. If it were level , the tops of high trees could be 
seen even from a great distance. 


9) The Bauddhas maintain that the earth was falling down in space. So Lalla says that if it were so, how could 
athing when thrown up come down again on the same piece of a ground. Again jif the earth were continuously 
moving up, the constellations would be nearer every moment. 


Neither could the earth be moving from east to west nor from west to east. If it did , the birds would not be able 
to find their nests.Lalla tries to refute Aryabhata's theory that the earth rotates from west to east. 


10) He refutes the belief that the earth is supported by an external agency.Lalla says that the earth remains 
unsupported, suspended in space. If it were supported by something, the latter , in its turn , would have to 
be supported by something else & so on. Then , there would be no end of supporters ,& that is not possible. 
Many wonderful things happen in this world ; so there is nothing to be surprised at if the earth hangs in space. 


5) Siddhantatilaka : This is another work of Lalla on astronomy which is mentioned by Yallaya. This contains 
synthesis of Aryabhata's Aryasiddhanta & Brahmagupta's Brahmasphutasiddhanta. In this Lalla gave large 
number of methods to calculate the mean longitudes of planets. 


Here Lalla said that God Brahama was born 26, 56,800 crore years back. 


6) Ratnakosa : It is a fair sized work with astrological topics available in manuscript. It contains 
1) The effects of tithes, Karanas (Time during which moon gains 6° over the sun), week days, muhurtas & 
Stars. 
2) Different stages of child birth. 
3) Details of house building, temple building, setting up of idols, sowing plants. 
4) The good & bad features of a man & woman. 
5) Timesfor journey. 
6) Types of elephants & horses to be bought. 
7) Thesigns of rain. 


The Historically important points to note are: 
1) The words Kuhu & Sinivali, are the names of the new moon day & the day before that, respectively 
used in Vedic literature also occur here. 
2) Madhu, Madhava & Nabhasya are used as names of months, the same in the Vedic literature. 
3) Atri, Garga, Parasara and Vasistha have been named as 
* Munis' or ‘sages’. 


7) Work on Mathematics 

Lalla must have written on mathematics ,though no such work is at present available .From the comments of 
Bhaskara іп Goladhyaya he quotes that Lalla as saying in his Ganita that area of the surface of a sphere is 2Ш. 
II? then contradicts him. 


Even Narayan in his text Ganitakumudi says that Lalla's formula for the length of the hypotenuse of a quadrilateral 
is wrong. Lalla has given formulae on Geometry, Algebra & Indices. He mentioned that height of the atmosphere is 
12 Yojana(Vedic measure of distance used in ancient India. The exact measurement is disputed amongst scholars 
with distances being given between 6to 15 kilometers (4 to 9 miles). 
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Astrology of that time was based on astronomical tables & often the horoscopes allow one to identify the tables 
used. Some Arabic horoscopes were based on astronomical tables calculated in [ndia. 


The most frequently used tables were by Artabhata I. Lalla improved on these tables & he produced a set of 
corrections for the moon's longitude. One aspect of Aryabhata Г work which Lalla did follow was his value of 


pL EET IL 4 h h rth decima ace. 
р =o) = =з 6 which is a correct to the fou р 


Astronomy cannot Бе studied without mathematics & hence his work on mathematics cannot be ignored. 


Though the great Lallla shows influence of Aryabhata, Brahamagupta & Bhaskara ,his work was more systematic. 
He emphasizes on corrections & rejections of flawed principals. His work was later followed by astronomers like 
Sripali, Vatesvara & Bhaskara II. 
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Ganit- Sar-Sangraha of Mahaaveeracharya 
Prof. Kailash Rath 


This article deals with the pioneer work of Mahaaveeracharya (Mahaaveera) of 9" century. It is said 
that he had obtained surprising results in Mathematics in those days when no mechanical tools were available. 
Whatever he had done shows his talent. He had written а nice book of Mathematics known as ТАТЕ 
Ganit-Sar-Sangraha (GSS). 

The great Mathematician Mahaaveeracharya was born in 800 AD at Mysore in Karnataka. The Jains 
have always been very interested in Mathematics. One distinguished Jain mathematician monk was Mahaaveera 
who wrote GSS in 850 AD during the reign of the great Rashtrakuta king Amoghavarsha. Amoghavarsha had 
become a Jain monk in the later part of his life. His capital was in Manyakheta in modern Karnataka. Mahaaveera 
died in 870 AD. Mahaaveera is the third name in the hierarchy of Bharatiya Mathematicians in this era. The first 
two are Aryabhata (499 AD) and Brahmagupta (626 AD). The Aryabhatiya of Aryabhata and 
Brahmasfutsiddhanta of Brahmagupta contain a little bit of Mathematics and more of Astronomy but GSS contains 
only Mathematics. Mahaaveera knew very well about these two. On going through GSS, three best qualities: the 

first one is Mathematician's intellectual sharpness, the second one is a poet's imagination and the third one is an 
artist's creativity are visible in Mahaaveera. Filliozat has written that the GSS deals with the teaching of Brahmagupta 
but contains both simplifications and additional information. Although like all Bharatiya versified texts, it is extremely 
condensed. The work of Mahaaveera from a pedagogical point of view has a significant advantage over earlier 

texts. It consisted of nine chapters and included all mathematical knowledge of mid-ninth century Bharat. It provides 
us with the bulk of knowledge which we have of Jaina mathematics and it can be seen as in some sense providing an 
account of the work of those who developed this mathematics. There were many Bharatiya mathematicians before 
the time of Mahaaveera but, perhaps surprisingly, their work on mathematics is always contained in texts which 
discuss other topics such as astronomy. The GSS is the earliest Bharatiya text which we possess which is devoted 
entirely to mathematics. In the introduction of the work; Mahaaveera paid tribute to the mathematicians whose 
work formed the basis of his book. These mathematicians included Aryabhata I, Bhaskara I and Brahmagupta. 
Mahaaveera had said that with the help of the accomplished holy sages who are worthy to be worshipped by the 
lords of the world; I glean from the great ocean of the knowledge of numbers a little bit of its essence in the manner 
in which gems are picked from the sea, gold from the stony rock and the pearl from the oyster shell and I give out 
according to the power of my intelligence, the GSS, a small work on arithmetic which is however not small in 
importance. 

Mahaaveera had declared and emphasized about the universal utility of Mathematics by saying: 

[GSS Chapter 1 Verse 16] 

It means “Whatever exists in this visible and invisible, movable and non-movable world; is only due 

to Measurement and computations in other words Mathematics". 


GSS contains nine Chapters. All are in Sanskrit language. These Chapters contain elementary arithmetic 
operations, measuring units, measurement of weight and length of gold-silver ornaments, area and volume of various 
bodies etc. Elementary algebraic equations of one variable were used for distribution of property, purchase-sale 
transactions etc. The Chapters are named by the topic it contains. The Chapterwise details of GSS are as follows: 


Chapter 1: Жөп amer: Terminology: In this Chapter; measuring units for line, time, grains, silver-gold and 
land are defined. Elementary mathematical operations like addition, subtraction, multiplication and division are also 
given. Mahaaveera defined operations with zero by saying: 

“алаа: Әт eft uw 199%) Edi qd: Shy Gane: ow uHbow uhw wie” 
[GSS Chapter 1 Verse 49] 
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which can be written in symbolic form as: 
а+о = a, а-о = a, ax0 =O and a / o = a. P 
The last result was incorrect and later it was corrected by great Mathematician Bhaskaracharya 


(1114— 1193). 


Mahaaveera was the first person to mention that no real square roots of negative numbers can exist. The 
imaginary numbers were not identified until 1847 by Cauchy in Europe. He was the first Mathematician in the world 
who made a very significant remark on the square root of a negative number by saying: 


“sured wat a wet ҥч жо 87700 ТЈ ANAA qui 

ORSINI sem PARF gay RA TIRT 979: 97 Te 7 Ad 

877 TTF web тт тй: wa HT ARa Uam] Gom] I 

[GSS Chapter | Verses 50-52] 

Its explanation is “The squares of a positive as well as negative numbers are always positive and the 
square roots are positive and negative respectively of these quantities. A negative number is a non square by 
its nature because there is по real square root of it". This is the first clear recognition of an imaginary number іп 
Mathematics which had to wait for several centuries for its importance. 


Jain culture defines 72 modes of Art (Kala) in which the first is worship of God and the second is Mathematics. 
This motivated Mahaaveera to study Mathematics. Mahaaveera was a Jain priest. He gave names to 24 Jain 
Gurus (Tirthankars) in terms of numbers and some special names like ‘Ratna-1, Ratna-2 etc. He counted numbers 
with a list of 24 decuple terms as: 

“рф g wem veri 1807 «у were" qhi gaeng: age g wewe |11 

уу QNET IS 1707—99 1 up? «чо g weer wifeewn U 

TH qup TT «yel de ӘР cue suy ҸӘТ 11 

ed qghweermi нете 04У ug taq dq FeV g Mef il 

#000 «raw Ug Wer) «uoce we Jie WIG g 199Ф Il 

fercdapfawfavery TENA MIIBA IBAAN HENA IJTI HLTTPYMIGITA 11" 

[GSS Chapter 1 Verses 63-68] 


It means “Ek (1), dasha (10'), shata (10?), sahastra (10°), dasha sahastra (107), laksha (10°), dasha 
laksha (10°), koti (107), dasha koti (10%), arbud (10°), nyarbud (10'?), kharva (10), mahakharva ( 10^), 
padma (10"*), mahapadma (10%), kshoni (10'°), mahakshoni (107), shankha (10%), mahashankha (10°), 
kshiti (1020), mahakshiti (10?'), Kshobh (10?) and Mahakshobh (10?3)". 


Chapter 2: ЧФЯ AER: Basic Arithmetical Operations: In this Chapter; addition, subtraction, multiplication 
and division, squares and square roots, cubes and cube roots are defined and elaborated. 


This contains some interesting puzzles to explain these concepts. Mahaaveera called these puzzles as 
*Kanthabharanam" (ornaments). Mahaaveera defined palindromes and their factorization by using multiplication. 
Some examples are: 


11111111 = 152207 x 73 (Kanthabharanam) 
1002002001 = 11011011 x 91 
15151 =139 x 109 
12345654321 = 279946681 x 441 
111 111 111 = 12345679 x 9 (Narpalkanthikabharanam 
11000011000011 = 333 333 666 667 x 33 d 
100010001 = 14287143 x7 (Ratnakanthikabharanam) 
1000000001 = 142857143 x 7 (Rajkanthikabharanam) 
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Throughout the work a place-value system with nine numerals is used or sometimes Sanskrit numeral symbols 
are used. Of interest in Chapter 1 regarding the development of a place-value number system is Mahaaveera's 
description of the number 12345654321 which he obtains after a calculation. He had described the number as: 


"Beginning with one which then grows until it reaches six, then decreases in reverse order". 


Notice that this wording makes sense to us using a place-value system but would not make sense in other 
systems. It is a clear indication that Mahaaveera is at home with the place-value number system. 


Chapter 3: 191999 Ader: Fractions: This Chapter is related with fractions. This contains rules of transactions, 
distribution of wealth etc. These rules are used in exchange of gold or mercantile deeds and barter. 


Mahaaveera was the the first Mathematician in the world who had given the concept of Least Common 
Multiple (LCM) known as Niruddha in those days which is as follows: 


[GSS Chapter 3 Verse 56] 


Its meaning is “The Niruddha or LCM is evaluated by product of common factors of all denominators 
and their quotients respectively. The new numerators and denominators obtained as products of each original 
numerator and denominator by the quotient of the Niruddha divided by the denominator give fractions with 
the same denominator’. 


Chapter 4: Wei AER: Miscelleneous Problems: This includes distribution of property amongst the 


relatives. For this, Mahaaveera used ‘Ekanshak Bhinna’, that is fraction whose numerator is 1 representing as 
asum of as: 


1 = (1/2) +(1/3) + (1/3?) +... to n terms 
and then tending n to “Anant” that is infinity. 
Such types of fractions are called Egyptian Fractions and were used in 1127 AD. 


Chapter 5: XIAP Ader: Rule of Three:This contains the method of find the fourth quantity if three are 


known (7rairashik). Mahaaveera says “if determination, hard work and aim are confirmed, what will be the 
output ? He answers — success and only success”! 


In the same tune, he has given some day-to-day problems of sale and purchase of market goods. For last 
1000 years, this rule was in practice in Bharat. In 9" century, after Mahaaveera, this rule was borrowed by Arab 
countries. Al-Beruni included this rule in his text “Rashikat-al-Hind” (Wealth from Bharat). Later on, this rule was 
introduced in Europe by the name “Golden Rule". 


Chapter 6: AAP Gide: Mixed Problems: This chapter contains rules about ratio of mixing copper with gold 
for making ornaments, rules of interest on capital. Please see this example: 


“If the capital is 10, 20, ..., 100 are invested for the period 1, 2, 3, ..., 10 months respectively and the sum 
of all interests is 74, find the rate of interest, if it is common for every period? To solve this type of problems, 
Mahaaveera used the following formula of proportion: 

(a/b) =(c/d)=(e/f)=...=(atct+er...)/(b+d + f...) 
which we learn even today at school level. 
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Mahaaveera was the world's first Mathematician who gave the concept of Сотђіпаќіоп(Яч ТТ 


WA). The formula for combination is as shown below: 
"Cc = (n!)/ (=F ЩЩ 


This formula is given all books of algebra of Class XI of all Boards (State Boards, CBSE, ICSE etc.) of 
Bharata. The original text is as follows: 


[GSS Chapter 6 Verse 218] 


Its meaning is “The quotient of product of numbers in descending order starting from a number n 
(total objects) to (n-r+1) divided by product of numbers in ascending order starting from 1 to a number r 
(choice) is the result". Such formula came in practice in 1634 AD when it was propounded by French Mathematician 
and Astronomer Pierre Herigone (1580—1643). 


He studied several arithmetic and geometric series also. Sum of Squares of n terms of an Arithematic 
Progression (AP) are computed as shown below: 


«зрте татууга" chsqeeiqugfrefedr vadrf&dvegifafefaer " 
[GSS Chapter 6 Verse 298] 

It means “Twice the number of terms (n) in AP is lowered by one and then multiplied by the square 
of the common difference (d) and is then divided by six. This product is added by the product of the first 
term (a) and the common difference. This sum is multiplied by the number of terms lowered by one. The 
sum of this product and square of the first term is calculated. Obtain product of this sum and the number 
of terms which the required sum of the squares of all (n) terms in given AP”. 


(2n - 1)d? 7 
In symbolic form, one can write: Sum = О 9, +ad (n F 1)+ a jn 


Sum of Cubes of n terms of an AP are calculated as given below: 


“ faregrfagfas erai этет aeaa angi Aga gode g aalas c 


[GSS Chapter 6 Slok 303] 


Its meaning is “Obtain the product of the sum of simple terms of the series, the first term and the first 
term subtracted by the common difference. Suppose this is first product. Evaluate the product of square of 
sum of simple series and the common difference. Suppose this is second product. Thus, sum these products 
is the required sum of cubes of n terms of an AP is evaluated". 


Chapter 7: Sara Ader: Calculations of Areas: This chapter is devoted to geometry, especially about 
area. Rules of finding areas of rectangle, square, rhombus and parallelogram are mentioned. Mahaaveera has 
given the formulae for the areas of circle, ellipse, parabola and hyperbola; also about curved surface areas of 
sphere, cone, cylinder etc. Mahaaveera had given а list of 16 primary plane figures which are (i) three varieties of 
triangles, equilateral, isosceles and scalene; (ii) five varieties of quadnilaterals, equilateral, equidichastic, equibilateral, 
equitrilateral and inequilateral; (iii) eight varieties of curvilinear figures, a circle, a semi circle, an ellipse, a conchiform 
area, a concave circle, a convex circle, an outlying annulus and an in lying annulus. Mahaaveera had given the rule 
for finding the volume of frustum like solids. Mahaaveera used д = *10. He borrowed this value from 
Brahmasfutsidhanta of Brahmagupta (598-628 AD). Interestingly, Mahaaveera has also mentioned about volumes 
of various solids using examples. 
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Mahaaveera had discussed two rules one for approximate and another for accurate results for mensuration. 
He dealt with various usual plane figures. For 0, he used the Jaina values 3 (gross) and “10 (accurate). 
Mahaaveera was the first Mathematician to deal with an Ellipse which he calls maaga (elongated circle) which 
should be appreciated because for the exact rectification of the ellipse; the Mathematicians had waited for about 
eight centuries to acquire the powerful tool of calculus. This gives better results than Johannes Kepler's formula 
(1571-1630). For an ellipse; his accurate results for semi major axis (a) and semi minor axis (b) are: 


Area = b (да> 6p? h Perimeter = Joa? 424p? | 


"erede тат іатто ат Te WR: стти тзт JEBTA C 
[GSS Chapter 7 Verse 63] 


When discussing Rational Scalene Triangle (RST), Mahaaveera had said that 


[GSS Chapter 7 Verse 110.5] 


Its meaning is that "Just half of the base of derived rectangle is first divided by the imagined divisor. 
This quotient and imagined divisor are used to get the next rectangle. The sum of the uprights is the base, 
two diagonals are the sides and the base of the rectangle is altitude of required RST”. 


While discussing Pairs of Rational Isosceles Triangles (PRIT) Mahaaveera had stated that 


“TJPA UTI NeR ATAATA TT faqumew dl) oraga: waq C 


[GSS Chapter 7 Verse 137] 


It means that "Obtain the product of the square of the ratio of value of the perimeters and the areas in 
alteration. Compute the quotient by dividing larger product by smaller one. To get the first pair; this quotient 
is multiplied firstly by six and then by two and this second product is lowered by one. The first product and 
lowered smaller product is the first required pair. To evaluate the second pair; the same quotient is multiplied 
by four and this product is firstly increased by one and then decreased by two which gives the second required 
pair”. From these two pairs; the base, equal sides and altitude are calculated for PRIT. 


The particular case of PRIT is discussed in 17^ century by Johann Heinrich Rahn (1622-1676 AD), a 
Mathematician of Switzerland. However, the general rule is not available till this date. 


6! Mahaaveera had discussed about construction of a Rational Right-angled Triangle (ККТ) as given 
| below: 


[GSS Chapter 7 Verse 122.5] 


Its meaning is “Each of the different figures that are drawn with the help of a given number namely 
bijas (seeds) is written down. The known diagonal is divided by the diagonal of the known seeds (elements). 
It is called quotient. The perpendicular, the base and the diagonal are multiplied by the quotient evaluated 
earlier which gives the required perpendicular, base and diagonal of a RRT". This gives rise of a Circle whose 
diameter is the hypotenuse of RRTs. 


Italian Mathematician Leonardo Fibonacci (1170-1250 AD) was the first western Mathematician who 
discussed about the construction of a RRT in 1202 AD. 
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Chapter 8: Gla 9rqgm: Calculations of Excavations: He gave techniques for calculating areas and volumes. 
An elegant generalisation of the rule for finding area and volume which clearly reflects the typicalness of the method 


of averaging was given by Mahaaveera is as follows: 


атата RATT TA TETAS PCLT, CIMT AAT атт) ТТТ. 
gorra dgr: srair erg ТЕТРӘТӘ) Por Wunder 
VT wer dah drj w agra 997 Prit 


We PAIPERA fe AI ЕТО 
[GSS Chapter 8 Verses 9-11.5] 


Its translation is “The values of the base and the other sides of the figure representing the top sectional 
area are added respectively to the value of the base and corresponding sides of the figure representing the 
bottom sectional area. The several sums as arrived at are divided by the number of the sectional areas taken 
into consideration in the problem. The resulting quantities are multiplied with each other as required by the 
rules bearing upon the finding out of areas when values of the sides are known. The area so arrived at when 
multiplied by depth, gives rise to the cubical measure designated by the Karmantika result. In the case of 
those same figures representing the top sectional area and the bottom sectional area, the value of the area of 
each of these figures is separately arrived at. The values of area thus evaluated are added together and then 
divided by the number of sectional areas taken into consideration. The question as obtained is multiplied by 
the depth. This gives rise to the cubical measure designated the Aundra result. If one third of the difference 
between these two results is added to the Karmantika result, it indeed becomes the accurate value of the 


cubical contents". 


Its typical example is 


“Tae: warren feat ЕТТТ mer єч wea duheupy 


[GSS Chapter 8 Verse 16.5] 


It means “lengths and breadths of the three rectangular sections are 90, 80, 70 and 32, 16, 10 respectively and 
depth is 7’. So that 


C 2 
K- (90 -- 80 -- 70) (G2 tI8+107 = 10826.67 


3 


x 70x32 +16x10 
NS (90x80 4- 70x3 X )4 = 11340 


3 


It should be noted that rectangular sections are not similar. 


Chapter 9: VII Adele: Calculations of Shadows: Problems on shadows due to sunlight with some practical 
cases are given in this Chapter. Mahaaveera has used Baudhayana theorem. specially, about the inclination of Sun 
to horizon. Several formulae and examples are given to find out the length of the shadow in day time from which the 
time can be evaluated. For instance: 


“79999787 WWSWTWTUD REM JENGIN vate ADETEN 
TRIPTH WeurdclHdT ФТ 91079 зеге TIF TPT C 
[GSS Chapter 9 Verse 38.5, 39.5] 
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Mahaaveera gave special rules for the use of permutations and combinations which was а topic of special 
interest in Jain Mathematics. He also described a process for calculating the volume of a sphere and one for calculating 
the cube root of a number. He looked at some geometrical results including right-angled triangles with rational sides. 
Among topics Mahaaveera discussed in his treatise were operations with fractions including methods to decompose 
integers and fractions into unit fractions. For example: 2/17 = 1/12 + 1/51 + 1/68. He examined methods of squaring 
numbers which, although a special case of multiplying two numbers, can be computed using special methods. He 
also discussed integer solutions of first degree indeterminate equation by a method called Kuttaka. The Kuttaka 
(Cyclic or Pulveriser) method is based on the use of the Euclidean algorithm but the method of solution also resembles 
the continued fraction process of Euler given in 1764. The work Kuttaka, which occurs in many of the treatises of 
Bharatiya Mathematicians of the classical period, has taken on the more general meaning of Algebra. Mahaaveera 
also attempts to solve certain mathematical problems which had not been studied by other Bharatiya mathematicians. 
For example, he gave an approximate formula for the area and the perimeter of an ellipse. In Hayashi writes: The 
formulas for a conch-like figure have so far been found only in the works of Mahaaveera and Narayana. lt 
is reasonable to ask what a “conch-like figure" is. It is two unequal semicircles (with diameters AB and BC) stuck 
together along their diameters. Although it might be reasonable to suppose that the perimeter might be obtained by 


considering the semicircles, Hayashi claims that the formulae obtained: were most probably obtained not from the 
two semicircles AB and BC. 


He discussed techniques for solving linear, quadratic as well higher order equations. Mahaaveera solved 
higher order equations of л degree of the forms: 


D*—1 
n ЕЕЕ 
ar q а mc p 


Mahaaveera expressed characteristics of a cyclic quadrilateral. He also established equations for the sides 
and diagonal of Cyclic Quadrilateral. If sides of Cyclic Quadrilateral are a, b, c, d and its diagonals are x and y while 


Then, ry = ac -+ bd 


Conclusion: Doubtlessly; Mahaaveera occupies a unique place in history of Mathematics in Bharat and abroad. 
His contributions towards imaginary numbers, lowest common multiple, combinations, s>lution of algebraic equations 
and their applications in practical life of humanity, in determining the areas of various strange and unfamiliar figures 
are of great importance. Whoever goes through the GSS; definitely becomes interested in ancient literature of 
mathematics. By GSS, Mathematics acquired its own identity. It is said that before Mahaaveera, Mathematics 
was in the garb of Jyotish due to religious rituals. Mahaaveera gave the subject a form, an independent identity and 
existence. He also emphasized theoretical and practical implications. Mahaaveera established a prominent centre 
for learning in South Bharat Karnataka. One may say that he earned an esteemed place in the galaxy of Bharatiya 
Mathematics. He had written few more books which are rarely available. 
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Govindaswami 
A virtuous Indian Mathematical Astronomer 


Prof. Bachubhai Rawal. Ahmedabad (Gujarat ) 


Introduction 

The earliest expression of mathematical understanding is inextricably linked with the origin of 
Hinduism. Mathematics formed an important part of the Vedas — the original Hindu scriptures - 
associated with spiritual activities and the study of "Ganit “ or mathematics was given special 
importance in the Vedic Period. "Vedang Jyotish“ says, “Just as the feathers of peacock and the 
jewel — stone of a snake are placed at the highest point of their body so is the position of 
mathematics the highest amongst all branches of Vedas and Shastras. “ 


Hindu mathematicians, from Vedic times to the modern age have been in the forefront of 
making seminal contribution in the field of mathematics. Here's some of the most celebrated names 
in the history of Mathematics — Aryabhatta, Bhaskara, Haridatta, Govindaswami, sankarnarayana, 
Parmesvara, Damodara, Govinda brahmachari, Nilkantha, Sankara and many others. 


Govindasvami, (800 - 860 A.D.) a great mathematical astronomer of the ancient India. He was 
born in India in about 800 A. D. and after living a glorious life of about 60 years he died in India 
in about 860 A. D. He is also famous as Bhatt Govinda as well as Govindaswamin . He worked a 
lot in the world of Mathematics and Astronomy. It is unfortune that not enough is known about his 
life. His most famous treatise was Vyakhya, a Bhasya on Mahabhaskariya. 


Mahabhaskariya , a creation of Bhaskara 1 is an eight chapter work on Indian mathematical 
astronomy and includes topics which were fairly standard for such works at that era. The discussion 
in this book contains the topics such as the longitudes of the planets, conjunctions of the planets 
with each other and with bright stars, eclipses of the sun and the moon, rising and setting and the 
luner crescent. 


Govindaswami wrote The Bhashya in about 830 at his very young age of about 30, which 
was a commentary on the Mahabhaskariya. It contains many examples of using a place — value 
Sanskrit system of numerals. One of the most interesting aspect of this commentary, is 
Govindaswamin' s construction of sine Tables. These tables are based on sexagesimal sectional 
parts of the twenty - four tabular sign differences from the Aryabhatt. These lead to more correct 
sine values at the intervals of 909/24 = 3° 45'.In the commentary Govindaswami found certain 
other empirical rules relating to computation of sine differences in the argumental range of 60 to 90 
degrees. 


Theory of Pulveriser used by Govindaswami 
The indeterminate equations of the type 
(ах+с) +0 = y (1) 
or М =ax+b2=cx+d (її) is described as pulverisers. ( kuttakara) 
Pulverisers are divided into two different kinds. Pulverisers like (1) are considered as non- 
residual and those like (ii) are known as residual pulverisers. 
Following illustrations will give the idea when pulverisers arise for solution, 


Illustration (1):6 is multiplied by an unknown number and the product is increased by 8 
and then the obtained sum is divided by 11. If the division is exact what is the unknown 
multiplier and what is the resulting number ? 

This will raise the non- residual pulveriser having a=6,c = 8 and b= 11. This can be quoted 
as ab + с = x, where a is called "dividend", b is called “quotient " and c is called the “interpolator 
“(remainder or residue ). If interpolator is negative , it is technically called “ gata " ( shortage ) and 
if it is positive, it is called “ gantavya" (surplice or excess) . 
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Here taking unknown number as x , pulveriser (6x- 8) - 11 = y is obtained for getting solution. 
Obviously x and y have least integral values. 


Illustration : (2) What is the smallest number which yields 7 as remainder when divided 
by 12 and 6 when divided by n 17 ? 


This raises the residual pulveriser. Obviously here pulveriser will be 
X Ss 2ia #7 = A oF] 


Preliminary operation : 3 : 
"Divide out the dividend ( multiplier) and diviser by the non — zero remainder of their mutual 
division. The resulting dividend and divisor are then said to be mutually prime to each other. 


"When the interpolator is negative or positive interpolator is exactly divisible by the non- zero 
remainder of the mutual division, it should be considered that the given interpolator corresponds to 
the true non — abraded values of the dividend and divisor and it will be possible to proceed with the 
actual non — abraded values of the dividend and divisor to solve the pulveriser. Here the given 
interpolator corresponds to the abraded values of the dividend and divisor and hence we must 
proceed with their abraded values. “ 


“Let a = kA and b = kB, where К is the Highest Common Factor of a and b. 
If now c = КС, then as per the above rule we need to solve the pulveriser 
(КАх + kC)+kB= у 
or (AX = ©) OSV 
and if c is not divisible by k , then 
(Ax с) ав = ур 


In general the puveriser is said to be wrong when the interpolator is not divisible by the Н. 
C.F. of the dividend and the divisor. In the present case in a particular astronomical problem in 
which the dividend represents the number of revolution of a planet, the divisor represents the 
number of the civil days and interpolator represents the residue of the revolution of the planet. 
Hence in such an astronomical problem the residue of the revolution depends upon whether it has 
been obtained by using the actual values of the revolution number and the civil days or by using 
their abraded values. Hence above rule can be considered to be justified. 


The method of solving the pulveriser : 

(A) First set down the dividend and then set down the divisor below it. Then perform their mutual 
division. Write down the quotients of mutual division one below the other- second one under the 
first, the third under the second and so on. Carry on the mutual division till the reduced divisors 
are different from zero. If the number of  quotients thus noted are even then obtain the number , 
mati (residue) using the following rule and if it is odd then obtain the mati contrarily 

Rule: When the interpolator is negative , divide the intrapolator by the reduced dividend, then 
subtract the resulting remainder from the reduced dividend, then multiply the remainder obtained by 
the reduced divisor, then increase the resulting product by the interpolator and then divide the 
resulting sum by the reduced dividend, the quotient is the mati. 

When the interpolator is positive, diminish the reduced divisor by 1 (one), and then multiply 
it by the interpolator , divide the product by the reduced dividend and then divide the quotient by 
the reduced divisor, the remainder is the mati. In case the remainder is zero then the divisor itself 
is the mati. 


Multiply the reduced dividend by the mati, then subtract the negative interpol 

| ti, ator (or add the 
positive interpolator) to that рас and then divide that difference (or sum) by 5 ir divisor. 
Write down the mati under the chain of the quotients and also write down the quotient below it. 


Multiply the upper number by the last but one number of th i 

s к e chain 
(lowermost) number of ‘the ee to this product and then discard the last die tes e "e 
process again and again ОПІ Mere are left only two numbers in the chain AP 
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Among these two numbers divide the upper number by the divisor and lower number by the 
dividend (if it is possible). The remainders thus obtained respectively denote the days etc. , and the 
revolutions etc., which are the required quantities . 


Let us try to understand the rule clearly by following illustration ( 3). 


Illustration (3) : The residue of the revolution of Saturn is 24 ; find the days and 
revolutions performed by Saturn , given that the formula for the Sun's revolutions for A 
days is 36641 A/394479375. 


Let x be the unknown days and y be the unknown revolutions performed by Saturn in x 
days. Then we need to solve the following pulveriser : 


(36641 x — 24) + 394479375 = y 


We can check and decide that 36641 and 394479375 are mutually prime , so we proceed 
with these numbers 


Dividend divisor quotient 
394479375 | 236641 x 10766 + 2369 
36641 = 2369 x 15 + 1106 
2369 = 1106 2 + 157 
1106 = ISU X 7 + 7 
1572 = EDX 22 + 3 
ve ГЫЗ 3 x 2 + 1 


From above calculations it will be clear that mutually dividing 36641 and 394479375 until the 
remainder is 1 (means non-zero) and writing down the successive quotients one below the other, 
we get - 

10766 
15 

2 

7 

22 

2 


The reduced dividend and and reduced divisor are 1 and 3 respectively. Now as number of 
the quotients listed one below other are even (6- six) and interpolator is negative (— 24), we follow 
the rule for the negative interpolator and thus obtain mati = [3 -((—24) + 1)] + 1 = 27. Multiplying 
1 by 27 and subtracting 24 from the product, we get 3 which is divided by the reduced divisor 3 


yields 1 as the quotient. 


Writing down the mati and this quotient under the chain of quotients, We get 


10766 
15 


Reducing the chain we successively obtain 2x 27 + 1 = 55 ,55 x22 + 27 = 1237, 
1237 x 7 + 55 = 8714 and so on. 
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The chain reduces as following 


10766 107 10766 10766 3108044439 (multiplier) 
15 ч а 15 288689 288689 (quotient) 
2 2 2 18665 
7 7 8714 8714 
22 1237 1237 
55 55 
27 


Dividing 3108044439 by 288689 the remainder їз 346688814 and dividing 394479375 by 36641 
the remainder is 32202. 


Hence х= 346688814 and у= 32202. 
These are the least integral values satisfying the equation. 


Therefore the unknown days for the Saturn are 346688814 and the revolutions performed by 
Saturn are 32202. 


(B) When the residue of the revolution is given in terms of signs, degrees, minutes etc., 
then multiply those signs etc., by the divisor and divide the product by the number of signs etc. , 
in a revolution and the quotient obtained is the residue of the revolution. 


Suppose for example that the residue of the revolution of the sun is given to be 4 signs, 28 
degrees and 20 minutes. Now 1 sign is 30 degrees. So in this case we can calculate that total 
minutes in the revolution are 60[30 x4+28] + 20 = 8900 . So we multiply 8900 by 210389 (the 
divisor in this case) and divide by 21000 ( the number of minutes in a revolution) because the 
formula for the Sun’s revolutions corresponding to A days is 576 A/210389.In this way we get 
86688 as the quotient which the radius of the revolution. 


To find the days and the revolutions performed by the Sun in this case we now need to 
Solve the pulveriser 
(576 x — 86688) + 210389 = y. 
Following the above method we can obtain the solution easily. 


(C) The dividend should always be of the denomination as the interpolator which has 
been added or subtracted. So when the interpolator is the residue of the sign, etc then the 
dividend should be multiplied by the number of sign, etc. in a revolution. When the dividend as thus 
is multiplied by the number of sign, etc , is not prime to the divisor then they should be made prime 
to each other by dividing them by the non-zero remainder of the mutual division of the first two. 

( D) When the dividend is greater than the divisor, divide the dividend by the divisor and 
set down the obtained quotient in a separate space. Then treating the remainder of the division as 
the new dividend find the solution by above given method and solution of the original will be 
apparently obtained. Let us understand this with the following illustration. 


Illustration (4): Solve the pulveriser (30x — 1) + 7 = у. 
Since the dividend 23 is greater than the divisor 7, we divide 30 by 7. Thus we get quotient 
4 and and remainder 2, Treating 2 as the new dividend we solve the pulveriser (2x — 1) +7 =3.. 
The chain of the quotient is 3 and the reduced chain is 4 
1 ( mati) 1 
1 


Adding the lower number 1 to the product of the upper number 4 and the 

quotient 4 obtained in the bigining, we get 4 
17. 

Hence the solution is х= 4 and y = 17. 
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(E) When the residue of the sign, etc. is known, assuming the number of signs, etc. 
,in a revolution as the dividend and applying the process of the pulveriser first the residue of the 


revolution can be found out and then applying the same process the revolutions of the planet can 
be obtained from the residue of the revolution. 


Illustration (5): The residue of the sign of the Sun is 154168. Obtain the days and 
the revolutions and signs of the Sun's longitude. 


Let x = residue of the revolution of the Sun and y = signs of the Sun's longitude. Hence 
raises the pulverise (12x — 154168) + 210389 - y. 

Solving by above method we get x = 82977 and 

Now new pulveriser (576 m - 82977) + 210339 
M = days required and n = the sun's longitude. 

Solving it by above method m = 17564 and n = 5800. 
Some examples referring to Gowindaswami's commentary. 


= ál 
= n will take place , where 


< 


illustration (6) Given that 100 minutes of the eight sign аге to be traversed by the 
Sunsay quickly, after carefully considering, O intelentone, if the Ganit of Asmaka is known 
to you, all the years that have elapsed this day since the beginning Kaliyuga. Also say the 
number of the daysthat have elapsed since the bigining of the Kaliyuga. 


Solution: Here according to Bhaskara 1 's interpretation, the part of the revolution to be traversed 

by the Sun = 7 signs 100’. The corresponding residue of the revolutions = 123707. This is positive. 
We have therefore to solve the pulveriser 

(576 x + 123370) + 210389 = у, 

Where x = the required ahargana and y — 1 = the number of years elansed 


Mutually dividing 576 and 210389 and taking 1 for the optional number (mati) 
We get the chain as 


1 (mati) 

61851 
Which reduces to 1310408037 
3587617 


Dividing 1310408037 by 210389 and 3587617 by 576, we obtain remainders 105345 and 289. 
Therefore x = 105345 and y = 289 


Hence the required ahargana = 105345 and number of the years elapsed = 288 


Note : According to Govindaswami's interpretationthe part of the revolution to be traversed by the 


Sun = 4 signs 1° 40’ and The corresponding residue of the revolution = 71104. 
The resulting pulveriser is 


(576x + 71104) + 210389 = y, 
Of which the solution is x = 186889 and y = 512. 


Hence the required ahargana = 186889 and numberof the years elapsed = 511. 


„мары. 


Illustration (7) : The sum of the mean longitudes of Mars and moon is calculated to be 
3signs, 7 degrees, 9 seconds апа 6 thirds. О you, well verses (well wisher) quickly say the 
ahargana (days) 


| Solution : 
| The revolution number of Moon = 57753336. 
| The revolution number of Mars = 2296824 . 
| Sum = 60050160. 
The number of civil days in a yuga = 1577917500. 
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Н.С.Е. of 60050160 and 1577917500 is 60. Therefore , the abraded sum of the revolution 
numbers of Moon and Mars = 60050160 + 60 = 100836. 


The sum of the mean longitudes of Moon and Mars = 5 signs 72 Өз Oe see 
= 33944946 thirds 


Now in case of the longitude of a planet is given in terms of signs etc, the signs, etc are 
multiplied by the abraded number of civil days in a yuga and the product is divided by the number 
of signs, etc. (in a circle) and the quotient is stated to be the residue of the revolutions. 

Therefore, the residue of the revolutions = 11480265. 

Hence now we have to solve the pulveriser 

(1000836 x — 11480265) + 26298625 = y, 
Where х = required ahargana (days ) 

Solution of this pulverisert is x = 10157490, 

y = 386459. 
The require ahargana = 10157490. 


Note: If the mean longitudes of Moon and Mars are needed, then can be easily 
calculated from this ahargana 


Conclusion 

We here had tried to discuss Astronimical side of Govindaswami . Still much of his 
contribution remains to be fully understood and made intelligible to the modern students. His original 
work on Astronomy and Mathematics which is referred to as Govindakriti, by later is yet to be 
recovered. He has enunciated a set of different formulae being laid down for different step — lengths 
in the modern notation, in terms of the finite difference operator А. Govindaswami's formula takes 
the form - f(x «nh) = f(x) +nAf(x) +% n(n—1)[A f(x) —Af(x—h)], which is a particular case 
(upto the second order) of the general Newton — Guass interpolation formula. 
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2.2 JEEYE 


зараз 


Shripati 
The creator of ‘Ganittilaka " 


Prof. Bachubhai B. Rawal Ahmedabad. ( Gujarat ) 
Introduction 


Shripati (1019 — 1066) was the most prominent Indian Astronomer and Mathematician, who is 


famous for his contribution in mathematics by his creation of * GANITTALIKA “, an arithmetical treatise 
containing the rules of signs for addition , subtraction, multiplication , division , square , square root , cube, 
cube root of positive and negative quintiles. His other works are (1) Dhikotidakarana , a work on solar 
and lunar eclipses (2) Dhruvamanasa , a work on finding planetary longitudes , eclipses and planatery 
transit ( 3 ) Jyautisratnamala, a book based on Jyotisaratnakosha of Lalla , (4) Daivajna - vallabha , a 
work on astrology which some historian claim to be written by Varahmihira But nobody yet had come along 
the proof to prove the fact, ( 5 ) Jatakpaddhati , a book on the computation of the strength of the planetsand 
astrological places in astrology , ( 6) Siddhantsekhara , a book on astronomy containing the work on 
Arithmatic, Algebra and sphere. His work on solving quadratic equations is worth to take into consideration. 
He had given a well known identity : 


V(x + Vy) = Ух +V(x?-y)]/2 +V[x - (x? - y/2. 
Life of Shripati 


Exact date about his birth is not known, but from his different creations we can guess that his life 
interval may be (1019 — 1066) A. D. as he constructed Dhruvamanasa in S'aka 978 . There he states 
that his father is Nagadeva , the son of Bhatt Kesava. From Siddhantsekhara, it can be decided that 
he was a Brahmin. From Ganittilaka it can be decided that he was Shaiva by religion. From his book 
Jatakpaddhati it can be decided that he was a teacher ( Guruji) having some students under him and оп 
the request of a pupil he put up his creation. From his astrology work it can be said that he wrote them 
in the place, Rohinikhanda which may be perhaps his native place. From his astronomical works it can 
be said that he was not only a celebrated astronomer but he was an astrologer also.. It can be observed 
that he lived in between the time of Majula, the author of Laghumanasa (932 A. D.) and Bhaskaracharya, 
the author of Siddhantsekhara ( 1040 A. р.) 

Ganittilaka : 

We shall try to discuss some important aspects of Ganittilaka , a well known mathematical work 
of Shripati, which contains laws of Arithmetic ( Patiganita ) and a nice work on solving Arithmatical 
problems. Itis entirely written in Sanskrit verses. we shall discuss the ideas and methods represented by 
Shripati. He has tried to explain the laws with Sanskrit verses and each verse is followed by the 
explanatory commentary in Sanskrit with the help of the illustrations. 

Starting by salutation to the nature of the soul, Shripati indicates the subject and the purpose of 
composing the work on Pati — Ganita. 


Big numbers 
He represents the number series with the first number 1 and states that by “sunya vruddhya 
vardhamanatam “ means adjusting zeros on right of it the big numbers arise. Also he gives the names 
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of the numbers of the increasing series, eka( 1 ), Dash ( 10), Sata( 107), Sahasra (10?) , Ayut (10) ,Laksh 
(10°, Prayuta ( 105), koti ( 107), Arbuda (10%), Padma (10°), Kharva ( 10 ^) , Nikharva ( 10") 
‚ Mahasroja ( 10 12 ), Sanku ( 10 7), Antya ( 10 ^), Madhya ( 10  ). and Parardha ( 10" ). Неге 


the number super scribed shows the number of zeros placed on the right side of the 1 eg. 10* = eight 
zeros on right side of 1 = 100000000. Also he relates the bigger numbers with smaller numbers, such 
as '""Ekostau sunyani Arbudam;"- dash Kotihi means 1 with eight zeros is Ayutam which is ten times Koti 
and shows that each zero placed on right of the number increases it by ten times. 


It seems that as described in different verse that numbers Ek (one) , dvaya (two) , tri (three) , 
Chatur(four), Panch (five), Shad (six), Sapta (seven), Ashta (eight) and nava (nine) are familiar and they are 
in an order and this order is used for addition in the next session. Here it is clearly followed that zero is 
used for place value. Also in the discussion of Sankalitam (addition) it is clearly explained that when zero is 
added in any пиг”! or any number is added in zero number remains unaffected Le, for any number m, 
т+0 = 0 + т = т апа т – 0 = т. 


Sankalitam - Vyakalitam (addition - subtraction ) 


Now he explains the process of addition -Sankalitam.. Using order addition is carried out in this 
session. Taking an illustration it is shown - *.Sapta madhye Kshipta ashtau jataha panchadash “ means 7 
added to 8 becomes 15. Here it is noted * kramotkramabhyam meelita“ means by passing through the 
order 8 added to 7 makes 15. Also it is shown that to add more numbers first their unit digits must be 
added and then addition is to be finished. Here two methods “karma * and * Utkrama * are explained and 
then use of the order and the addition - (samuchchaya) how subtraction will be carried out is explained in 
a verse and taking an illustration method of subtraction is clerified. Onwards he explains to add and subtract 
the fractions with common denominator and different denominators also. 


Gunakar ( Multiplication ) 


Multiplication by single digit is explained in detail and then how carry is to be added on left is 
explained. Shripati had given four methods of multiplication (1) Kapatsandhi : This is the method of carrying 
out the product by each digit of the number by which it is to be multiplied ( kapat - part ).It is worth noting 
that first multiplication by ten's digit is carried out. Then multiplication by unit digit if started and it is sifted 
one place on right side and then addition ( sandhi) is carried out. 

(2) Tatasth (steady ) In this method multiplier is kept steady and cross multiplication is applied. (3—4) 
sthanvibhaga and rupavibhaga are the: methods using algebraic methods. 
Bhagahar ( Division ) 


Explanation of division method is very elementary . But one thing is worth noting that Sripati says 
, * Remove the common factors , if any, from hara (divisor) and bhajya (dividend ) and then divide the 
pratiloma ( inverse ) order." Going further detailed process is well explained. He also explains the division 
by a fraction as “’Adhaharena urdhvashan, urdhvaharenadharam haram hanyat * means to divide by a/b, 
multiply by b/a. Also he discusses Bhaga-bhaga , which contains division in succession. 


Varga (Square) 


Shripati gives three methods for finding the square of a number. These are in detail and 
interesting also. 
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е another form of the modern algebraic method in another form. In modern method 
хао а2 +02 xa b+ b?. But if we transfer it into the form as (a + b) 2= a? 


j 126. Now square of 6 is 36 and its doubleis 12 which yields 36 when it is multiplied by 3. 
hen this joins with square of | gives 136. Lastly square of 3 is 9. 


Shripati represents his eleven steps as following : 


AC) (ii) (ii) (iv) (v) (vi) 
163 163 163 63 63 63 

1 12 126 126 126 126 

d 1 1 1 1 136 


(vii) (viii) (ix) (x) (xi) 
Г 100 13,6 123.6 126 ,69 126 ,69 
136 136 136 136 
^ Lu : (26560 — 
erstand that the steps (vi) and (ix) of Shripati are 


ad criticized that Shripati had followed wrong way to put up this 
(plains the definition of square and he uses it in this method. 
iment seems to be true, Shripati may have his own idea or reason 


T 
р CNN 
A ж 


the method as under, 


yer to be squared and the assumed 


LII 


Illustration : Find the square of 56. 


As per this method in this case assumed number will be 4 because when it is added to 56, it 
turns into 60. 


So square of 56 =(56 +4) x(56 — 4) +54. of 4 is to be calculated . 
It gives Square of 56 = 60 x 52 + 16 

= 3120 4 36 

= SIS, 


Note : Here in this case assumed number can be selected to be 6 also. as 6 is subtracted from 
56, it turns to be 50. 


So square of 56 =(56 +6) x(56 — 6) +sq. of 6 


= 62 x 50 + 36 


Il 


3100 + 36 


3136. 


Illustration : Find the square of 984. 

In this case assumed number will be 16 because when it is added to 984 it will turn it into 1000. 
So square of 984 = (984 +16) x(984 — 16) «sq. of 16. 
It gives Square of 984 = 1000 x 968 + 256 = 968256 


Note : In modern algebra х? = (x + а) (х — a) + a ^, where x is the given number and a is the 
assumed number. Obviously the assumed number is so selected that its sum or difference with given 


number is a number containing zeros at the end and the square of the assumed number is easily 
available. 


It is worth to take note of the fact that this method seems reflected іп“ Vedic Mathematics “ of Shri 
Shankaracharya Krishnatirthaji Maharaj as a method known as “ Yavadunam — Yanadadhikam “ with 
* Aanurupyena “. In that method either (x +a) or (x — a) works as the base, which contain zeros at 
the end. If (x — a) contains zeros on its right side, it is taken as base, then (x a) is the increased 
quantity (Adhikikritya) and if (x + a) contains zeros.it is considered as the base and (x —a) is 
the decreased quantity (Unikritya) and then multiplication by the base removing zeros at the end is * 
proportionately “ (Aanurupyena) and then addition of a? is " vargam cha yojayet, " the adjustment 
of the square on right side. 


See his work of above illustrations- 


56 2 = 5(56 + 6)/ 6? = 310/,6 = 3136 ог 
56 2 = 6(56 – 4)/ 4? = 312/,6 = 3136. 
984? = (984 - 16)/ 16° = 968 /256 = 968256 
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Method 3 


In the third method Shripati defines the square of a number. 
He denotes - 

“ to get the square of a number multiply the given number by itself. “ 
Hence square of 12 is (12 x 12) = 144. 


Means now in this method Shripati defines what is a square of the number : Square of a 
number m is m x m. 


This raised a chance for the critics to put up a charge against Shripati that his logic is not 
understandable, why he defines the square in the last method, in spite of putting it as the first method. 


Ghana ( Cubing ) 


Shripati gives four methods for finding the cube of a number. Among these three first one is worth 
drawing our interest. It relates to the modern algebraic method which is now a day's well known, but it 
is in another format. Hence it is discussed below. 


Method 1: “ Find the cube of the last (digit) , then the product the square of this last (digit) 
multiplied by three and the succeeding (digit), then the product of square of this succeeding ( digit ) 
multiplied by last (digit) and three and then the cube of the succeeding (digit). Now add them after 
each is placed one place before the other, gives the cube of the number * 


Illustration : Find the cube of 317: 

For finding cube of 31 above four steps are as following - 
(a) cube of 3 = 27, (b) square of 3 x 3x 1 = 27, 
(c) (square of 1 x 3) x 3 =9 and (d) cube of 1 = 1. 
Placing one step before К 

27 

27 
9 
1 

27,7 91 
Hence cube of 31 = 27,7 91 
For fonding the cube of 317 above narrated four steps are - 
(a) cube of 31 = 27,7 91 (b) Square of 31 x 3 x 7 = 20181 
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(с) (square of 7 x 3 )x 31 = 4557 and (d) cube of 7 = 343 


Placing one step before 


343 
3 :1:8:525, 08085 


Thus by this method cube of 317 = 31855013. 


FARS 2 2 3 
This is same as(m+n)?=m?74+3m*n+3mn° +n 


Now taking т = 10a and n = b, we get 
(10a * b )3= 10? x a? +3 x 10 xa "X ЬЫ+ 3х 10 х ax b?^-Eb3 
(10a*b )?2 a?/ (a? х З) x БЛ CARPERE BN 


This seems so simple today, was not so simple in that era, but it is very much important that 
he can draw out such rule at that time when algebra was not in use. It is also clear that slashes 
evidently explain the reason of placing one place before. It is due to multiplication of the powers of 
10 in succession. 


Method 2 


This method as Shripati describes is to find the cube of a term of an A. P. whose first term is 1 
and whose common difference is also 1. In this method he statesthat, 


“ The cube is obtained by adding together (I) The last term multiplied by 3as well as by 
the preceding one (mukh), and (ii) the cube of this mukha, with 1 added to it." 


Obviously this method relates to the set of natural numbers. Here “ mukha “ is the previous 
number to the given number, whose cube is to be obtained. Algebraically we can represent it as a? = 3x 
(a- Dxa + (а- 1) ? + 1. This method is much more useful if you know the cube of its preceding 
number ( mukha ). We know that cube of 30 is 27000. Now 30 is mukha for 31, soit is easy to find 
out the cube of 31. 


Cube of 31 


3 x30 x 31 + 27000 + 1 


2790 + 27001 = 29791. 


Same way cube of 32 


3 x 31 x 32 + 29791 + | 


ll 


2976 + 29792 - 32768 


and so on we can get the cubes of all remaining inegers greater than 30.. 
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А small change here will be helpful to raise the interest of people interested in mathematics. If we 
consider “ a“ as mukha, then a is mukha for its successive number (a+ 1). Now if cube of a is known, 
the formula for finding the cube of 


mE (at 1)°>=3Xa (а+1) + a?« I. 
Method 3 


Method defines the cube of a number. It states that to get the cube of a number “ multiply 
the given number by itself and then multiply the result by the given number. “ 


Thus in this method Shripati defines the definition of the cube of a number a number. As per 
this method cube of m is m xm m. Thus after using this definition now in this method he 
defines the cube of a number, which becomes a reason for the critics to raise the question against the 
non - logical order of Shripati. 


Method 4 


This method states, “ Thrice the rashi ( given number ) multiplied by its two parts, when united 
with the cubes of each of those parts give the required cube of given rashi . * 


Cube of 1 and 2 are | and 8 respectively and 1 and 2 are the two part of 3 (rashi ). So cube 
of 3 = 3 x 1 x 2 x 3 + (cube of 1) + (cube of 2) = 18 + 1 + 8 = 27. Now 3 and 10 are two parts 
of new rashi 13 and their cubes are known. Hence cube of 13 = 3 x 3 x 10 x 13 +(cube of 3) + (cube 
of 10) = 1170 + 27 + 1000= 2197 and so onwe can find the cube of any number we need. 


Fractions : 


Shripati has used the words amsa, amsaka and lava for numerator and he had used the words 
cheda, chhedaka, chhid and hara for denominator .He had used cardinal numbers as well as ordinal 


numbers to denote the unit fractions . Forexample 1/3 is tyamnsa, 1/6 is sadamsaka ог sat-cheda and 


1/3 is trilava etc. as well as 1/7 is saptambhaga. Etc. He had dealt with compound fractions a + (b/ 
c) as well as (аЬ) +(c/d) also. He also deals with the problems like a+(b/c) and (a/b) + (c/d). In the 
treatment of kalasavarana, the reduction of the fractions his one action is worth to draw attention that He 
had wrongly defined the division by zero, . otherwise his dealing with simplification of fraction is very much 


effective. He defines,(1)m+0O=m,(2)m-0O=m, (3)m + 0 = 0,(4)m x 0=0, (5) 


m+0=0(6)0 + 0= 0 (7) (0) 2= 0 апа, (8) (0 )?- 0. Also he defines that the 
square root and cube root of zero are zero in both the cases. 


Proportion : 


Under this topic Shripati has dealt with trirashika (the rule of three) and panch rasika ( the rule of 
five). He had noted two types of the varieties of trairasika (1) sama (direct proportion ) and (2) vyasta 
(invers proportion ).Onwards he had treated the problems on rule of seven, nine, eleven sashika and further 
more and he had dealt with various problems on finding interest. 
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Tail of the book : 


At the end of the book it contains some tables of different Vyavahara (dealings). These tables 
represent the relations between the units of different fields, 


e.g. ‚Trading of gold, measurement of length, measurement of area, measuremenr of different weight etc. 


Conclusion : 


In Ganittilaka Shripati had dealt with Parikramastakam Le, eight basic processes - Addition, 
subtraction, multiplication, division, square, square root, cube and cube root of whole numbers. And in 
addition he had included fractions and proportions. It can be observed a great task of Shripati providing 
lots of illustrations for explanation. Not only that but we can find many varieties of examples in the book. 
He did not use only one type of spicies but he had justified animals as well as birds also. 


It is not easy to decide from which source he would have collected such different varieties of examples. 
It is very difficult to frame such type of examples in a short time. Lots of time needed to frame such 
examples. It relacts a high potentiasl of Shripati. The whole book contains continuous verses and they are 
not divided into part means chapters, but each verse follows with commentary in Sanskrit accompanied by 


illustration which helps the individual in understanding it. 
A commentary on Ganittilaka was written and published by Simhatilaksuri . 


HE observes that Shripati had closely followed Trisati, a creation of Shridhara and also he had borrowed 
many things from it. Even some examples are borrowed from it as it is and many of the examples are 


modified upto some extent. 


Lastly it can will be worth to salute the great work done by Shripati. 
Guidance and cooperation 


1. Dr. Narayanbhai Kansara : Rtd. Director, Maharshi Academy of Vedik Sciencies . 
2. Dr. Pragya Joshi :Sr. lecturer, Maharshi Academy of Vedik Sciencies : Ahmedabad 
3. Dr. Arun m. Vaidya, Ex. H.O.D. , Maths Dept., Gujarat University, Ahmedabad. 
Kasturbhai Lalbhai School of Indology , Ahmedabad . 
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Aryabhata II - A Brief Note 
Dr. S.Balachandra Rao!, Dr. Padmaja Venugopal?’ and Rupa.K?. 


1. Introduction 

In the development of mathematics and astronomy in India, the medieval mathematicians and astronomers who 
contributed very significantly are Aryabhata 1 (b.476 CE), Brahmagupta (628 CE), Bhaskara I (629 CE), 
Mafjula (932 CE), Sripati (c.10" cent), Aryabhata П (c.10" cent), Bhaskara II (b.1114 CE), 


Gane$sa Daivajña (1520 CE) and the later medieval remarkable stalwarts of the Kerala school. 


The role of Aryabhata II is generally underplayed. All the same, certain features in his text, Mahasiddhanta ate 
unique and significant. 


2. Date and Time 


Aryabhata II does not mention his time or place unlike Aryabhata I who atleast cites his date and that his system 
of astronomy was honoured at Kusumapura (identified with Patna in Bihar). 


However, we can estimate a time-interval in which Aryabhata 11 lived. S.R.Sarma (1966) determines lower and 
upper bounds for this period. Bhaskara II refers to our medieval astronomer in the following passage of 
Siddhanta Siromani . 


Aryabhatadibhih suksmatvartham drkkanodayah pathitah | 
— Si Sir.Spsta $1.65 
Aryabhata I inhis Aryabhatiyam has given the durations of the rising of only rasis and not of drekkanas (one 
third of a yagi). Aryabhata П in his Mahasiddhanta (Ch.IV, 38-41) has given the udayamanas of the 


drekkanas . This shows that Bhaskara II indeed refers only to Aryabhata II and hence the latter lived before 
the 12" century, the lower limit. 


To estimate the upper limit of Aryabhata II's period, S.R.Sarma mentions the internal evidence that 


Mahasiddhanta (М5) itself refers to Parasara , Garga and "Vrddha" Aryabhata . Among these, Para$ara and 
Garga were known to Varahamihira (505 A.D). 


Aryabhatall says that he is only restating the teachings of "Vrddha" Aryabhata (MS 
Ch.XIIL14).14). Sudhakara Dvivedi inhis modern commentary on М5 remarks that "Vrddha" Aryabhata .is 


not the same as the well-known Aryabhata I (476 A.D). However, S.R.Sarma comments that the argument given 
therefore by Dvivedi is not itself conclusive. 


1 Hon.Director, Bhavan's Gandhi Centre of Science and Human Values, #43/1, Race Course Road, Bangalore-560001. 

2 Professor & Head Dept. Mathematics, S.J.B. Institute of Technology, Uttarahalli Post, Kengeri, Bangalore-560060. 
| 

3 Senior Lecturer, Global Academy of Technology, Rajarajeshwari Nagar, Bangalore-560098. 
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3. "Ayanagraha" and the Precession of Equinoxes 


Itis interesting that Aryabhata II mentions “Ayanagraha” and the number of revolutions it executes in a Kalpa 
(432 x10? years). He gives the figure as 578159 bhaganas , in other words 173.4577 a year. This is far too high 
a value, for the annual rate of the precession of the equinox. But the fact that Aryabhata II knows about the motion 
of the equinoxes precludes the possibility of his being earlier than Brahmagupta. As regards the equinox and its 
precession, it must be pointed out that Aryabhata II does not mistake the “Ayanagraha” for the vernal equinox 


or a solstice. For him the point represented by the kranti (declination) of the ayanagraha is the equinox and hence 
taken oscillatory. 


MS describes a method of calculating the degree of precession (Ш.13), but the equinoctial motion as calculated 
from it is not found always constant, but varying considerably. Rajamrganka (1042 A.D) has a constant motion for 


all times. From this, it appears that Aryabhata II lived before the equinoctial motion was correctly known. 


S.B.Dixit (1969, 1981) comes to the conclusion that Aryabhata II lived about 953 A.D (Saka 875) Datta and 
Singh (2001) place him at 950 A.D in their History of Hindu Mathematics. 


4. Some Highlights of Mahasiddhanta 


(i) Main contents 


The text comprises 18 chapters in two parts: Purvaganita and Goladhyaya . The former has 13 chapters in 
which the concepts and procedures of astronomy proper are discussed.goladhyaya , in five chapters deals with 
cosmography and mathematics proper — arithmetic, algebra etc. The last chapter is devoted exclusively to Kuttakara . 
This last and elaborate topic deals with the firstorder (ах + by = c) the second order (Nx2 + 1 = y?) indeterminate 


equations. In fact Aryabhata П makes improvements over the earlier known methods. 


(ii) Letter Numerals- ~ Katapayadi 

Itis well known that, even like many other disciplines, the Sanskrit compositions on mathematics and 
astronomy have been in the poetic form i.e. in Slokas (verses) since symbols for numbers cannot be used. These 
were replaced by either word-numerals ( bhuta sankhya ) or letter-numerals. In both these forms we have 
combinations of letters providing ample choice for the composer to fit them into the chosen meters (chandas). 
Most of the composers of texts (especially from the north) on mathematics and astronomy adopted the 
bhuta sankhya system. However, the composers particularly from the Kerala region have preferred a particular 
form of letter-numerals called “ Katapayadi ”. Independently of this practice, Aryabhata I (476 A.D) adopted 
his own letter-numeral system. But this practice was not continued, may be due to the inconvenience of 
pronunciation of the resulting letter combinations and also due to less choice. 


Aryabhata II has adopted a modified Katapayadi system. Besides some minor changes regarding the use of 
vowels and consonants, in this system the numerals — represented by letters — are read from left to right. This is 
opposite to the usual practice of reckoning them from right to left (ankanam vamato gatih) 
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(iii) Area of a Cyclic Quadrilateral 


Brahmagupta (628 CE) states that the “exact” ( suksmam ) area of a (cyclic) quadrilateral is “the square-root of the 
product of four sets of half the sum of the sides (respectively) diminished by the sides". In his own words, 


bhujayogardha catustaya bhujonaghatat padam suksmam | 
- Br.Sph Siddh.XII ,21 
If a,b,c,d are the sides of a cyclic quadrilateral ABCD and 25 is their sum, then 


(atb+c+d) 
Area of ABCD =./(s—a)(s—b)(s—c)(s—d) where $s = ——— ——. 


2 


This formula was “rediscovered” in Europe nearly a thousand years later by W. Snell in 1619 CE. ! 


However, Brahmagupta missed mentioning explicitly that the formula is exact only for a “cyclic” quadrilateral. 
However, from the context it is clear that the discussions are relevant only to cyclic quadrilaterals. 


Brahmagupta's successors, like Aryabhata II and Bhaskara II , mistook that the formula was meant for any 
quadrilateral. When they got inaccurate answers, they found fault with Brahmagupta. 
In fact, Aryabhata II does not hesitate to use the words, “fool or devil”, of course without mentioning 


Brahmagupta! He says 
yo'sau murkhah pisaco va | 
— MS, XIV ‚70. 

This derogatory reference sounds as though it is a retort to an unwarranted criticism Brahmagupta himself has 
hurled against his celebrated predecessor, Aryabhata I (b.476 CE) for his departure from tradition. In fact 
Brahmagupta, amidst his frequent invectives, comments: “ Aryabhata knows nothing — in mathematics, time and 
(celestial) spherics": 

janatyekamapi yato naryabhato ganita — kala — golanam | 
— Br.Sph.Siddh.XI,42. 
5. Mean Motion of Planets - Parasara — Siddhanta 
The entire second chapter of MS is devoted to the mean motions and positions of the planets. Aryabhata II 
mentions that the related parameters are all as given in ће Para$ara Siddhanta . Even in later chapters the author 


refers to the Рагаѕага 's system. 


Para&ara is known to Varahamihira but no astronomical work of his is available. Interestingly, MS acknowledges 
Рагаќага Siddhanta as giving the equinoctial motion (of the ayanagraha) in а Kalpa (432 x10? years) as 
571709 revolutions. This gives the annual rate of mean motion as 174”.5127 a year. Obviously this is not the rate of 
precession of the equinoxes (about 50" 26 per year). 

S.R. Sarma concludes that if Parasara Siddhanta , as known to Aryabhata II, really mentions equinoctial 
motion, then this Para$ara must be later than Brahmagupta and not the same as the one mentioned by Varáhamihira. 


This means that the upper limit for Aryabhata II 's date is the seventh century. As mentioned earlier, the middle of 
the tenth century appears to be a good estimate for his date. 
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6. Conclusion: 


In the present article we have provided a brief introduction to Aryabhata П and his work. A detailed presentation 
of the contents of MS is presented by S.R.Sarma in his Ph.D thesis (1966). We are indeed highly indebted to 
S.R.Sarma and his thesis. 
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Bhaskaracarya - II 


The Most Popular Indian Astronomer 


Dr. S.Balachandra Rao!, Dr. Padmaja Venugopal? and Dr. S.K.Uma*. 


Yesam —sujatiguna var ga vibhusitangi 
s'uddhakhilavyavahrtih | khalu | kanthasakta | 
lilavati iha  sarasoktim | udaharanti 


tesam sadaiva sukha sampad  upaiti vriddhim || 


“There is always happiness, wealth and prosperity to those around whose neck a chaste and pure lady, Li /avati » 
belonging to a respectable family, endowed with good virtues, throws her arms" - Lilavati of Bháskara II. 


This is the soka with which Bhaskaracarya, the most popular among Indian mathematicians and astronomers, 
concludes his popular text Li lavati . But then anyone wonders how this stanza, glorifying pleasure and fortune of 
one who is blessed with the grace of a beautiful and virtuous lady, be related to mathematics. This s"/oka is a double 
entendre ( "lesa ) having another meaning : “Joy and happiness are indeed ever increasing in this world for those 
who have the text of Lilavati clasped to their throats (i.e., mastered by them) decorated as the numbers are with 
(the mathematical topics) of neat reduction of factors, multiplication and involution, pure and perfect as are the 
solutions (of the problems), and tasteful as is the speech which is with examples". 


Bháskara's greatness lies in making mathematics highly irresistible and attractive. Our celebrated mathematician 
Bháskarácárya, of the twelfth century, is generally referred to as Bháskara II to distinguish him from his namesake of 
the seventh century. 


1. Bháskara's time and works 


According to Bhaskara's own statement, he belonged to Vijjada Vida (or Bijjada Bida ) near the line of Sahyadri 
mountains. He was born in 1114 A.D. Bhakara's father was mahe$vara saintly and scholarly person belonging to 
the S'andilyagotra . 


The place Vijjada Vida is identified with modern Bijapur belonging to Karnataka. However, some scholars have 
identified the place with other places in Maharashtra. 


Bháskara's celebrated work, Siddhanta S'iromani consists of four parts namely г; [дуа , Bijaganitam, 
Grahaganitam and Goladhyaya . The first two, treated as independent texts, deal exclusively with mathematics 
and the last two with astronomy. 


! Dr. S.Balachandra Rao, Hon.Director, Bhavan's Gandhi Centre of Science and Human Values, #43/1, R.C.Road, Bangalore- 
560001. 


2 Dr. Padmaja Venugopal, Professor & Head Dept. Mathematics, S.J.B. Instt. Of Technology, Uttarahalli, Kengeri, Bangalore- 
560060. 


3 Dr, S.K. Uma, Asst. Professor, Mathematics, Sir .M.V. Instt. Of Technology, Hunsamaranahally, Bangalore-562157 
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та 


In 1183 A.D., when he was 69 years old, Bháskara composed another smaller astronomical text called 
KaranaKutuhalam . 


Bháskara has given the ауапатѕ'а (the amount of the precession of the equinoxes) as for the s'aka year 1105 


(i.e., 1183 A.D.) when he composed his karana work. 


A stone inscription was discovered at a place called Patan, about 10 miles southwest of Chalisgaon in Maharashtra. 
According to that inscription (see Epigraphia Indica , Vol. 1, pp. 340), Changadeva, a grandson of Bháskara II, 
was an astronomer at the court of King Singhana of the Yadava dynasty. King Singhana ruled at Devagiri from 
s‘aka 1132 to 1159 (i.e., 1210 to 1237 A.D.). Changadeva built a monastery at Pátan for propagating the works 
of Bhaskaracarya and his descendents. King Saideva of Nikhumbha dynasty made an endowment for the maintenance 
of the monastery in s'aka 1129 (i.e., 1207 A.D.). 


Changadeva, is his inscription, states that King Jaitrapála invited Laksmidhara , son of Bhaskaracarya from the 


town Pátan. 


Lilavati is an extremely popular text dealing with arithmetic, elementary algebra, geometry and mensuration. 


Bijaganitam is a treatise on advanced algebra. 


Grahaganitam and Goladhyaya are completely devoted to computations of planetary motions, eclipses etc., 


and rationales of spherical astronomy. 


Bhaskara has condensed in his mathematical texts the remarkable contributions of his predecessors, Aryabha г a, 
Brahmagupta, Sri dhara and Padmanábha. Although Bháskara does not mention the ninth century Karnataka 
mathematician Mahávira's name, he seems to be greatly influenced by the latter's work. Many examples given by 
Bháskara greatly resemble similar examples given in the Ganita Sara Sangraha of Mahavira . The coincidence 
cannot be just accidental especially since Mahavira preceded Bháskara by nearly three centuries and hailed from 
almost the same region. 


Bháskara has written a detailed commentary on the Siddhanta S'iromani and it is called Vasana Bhasya. In this 
commentary very interesting and illustrative examples are worked out. 


Bháskara mentions that his birth took place in the s'aka year 1036 (i.e., 1114 A.D.) and that he composed his 
Siddhanta S'iromani when he was 36 years old (i.e., in 1150 A.D.) 
In the Grahaganitam part, Bháskara has extensively dealt with the determination of mean and true positions of 


planets, the three problems (“ tripras'na ”) relating to time, direction and place, the lunar and solar eclipses, risings 
and settings and conjuctions of the planets. 


The chapter on spherical astronomy, Goladhyaya , is very important from the point of view of theoretical astronomy. 
Rationales for the formulae used are provided. The eccentric and epicyclic theories for the motions of planets, as 
theoretical bases, are clearly developed. 


An account of the large number of astronomical instruments is given in Yantradhyaya . Bhaskara greatly improved 
upon the formulae and methods adopted by earlier Indian astronomers. 
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Inthe KaranaKutithalam , Bhaskara has adopted as epoch, for computations, the sunrise of February 24, 1183 
A.D. (Julian), Thursday. This tract is also well-known as Garhagama Kutuhalam . Some almanac-makers are 


using this text even now for their computations. In fact a voluminous work called Jagaccandrika Sarani consists 


of ready-to-use tables based on Bhaskara's tract. The text of Karana Kutithalam consists of 139 s'lokas' . 


The work Siddhanta S‘iromani of Bhaskara has attained the highest degree of excellence, among the Indian 
astronomical treatises, mainly because of various simplified methods and rationales for the underlying theories. This 
lucid but detailed treatment extends starting from the computation of ah arg ana upto abstruse questions like those 
of parallax and the sine tables. Among all the Siddhantic texts, Bhaskara’s Siddhanta S‘iromani merits as the 
best and exhaustive text for understanding Indian astronomy. 


2. Corrections to mean positions of planets 


In finding the true positions of planets the earlier astronomers had recognised the following important corrections 


to be applied to the mean positions : 


(i) Des'antara samskara - Due to the difference in longitudes of the given place and the central meridian (Ujj ayini ); 
there is difference in the timings of the sunrise on the same day at places with different longitudes. 


(ii) Cara samskara - Due to the difference between the latitude of the given place and the latitude of Lanka (i.e., 
the equator). 


(11) Bhujantara samskara - When the above two corrections are effected, we get the mean position of a planet at 


the mean midnight of the given place. But the true midnight at the place differs from the mean midnight by what is 
called “equation of time". This equation of time is made up of two constituents - one due to the eccentricity of the 
earth’s orbit and the other due to the obliquity of the ecliptic with the celestial equator. 


(iv) Udayantara samskara - As pointed out earlier, this is the correction to get the positions of planets at the true 
midnight or sunrise caused by the inclination (obliquity) of the ecliptic with the celestial equator. 

Although it was astronomer S'ripati (1025 A.D.) who gave this udayantara correction for the first time and 
actually called it * yatasava "', Bhaskara later provided the rationale for this additional correction. 


3. Moon’s equations 


After obtaining the mean longitude of the Moon, some important equations have to be applied for securing the 
true position. Among hundreds of such corrections to be applied to the mean position, the following are the three 
most important equations. Their approximate coefficients are also given according to modern astronomy (see Brown’s 
Lunar Theory). 


(i) Equation of Centre (Mandaphala) 


Equation ofeenre=| 2 zu joo = (377 19".06)sin Ф 


*See:Karanakituhalam of Bhaskaracáryall-An English Translation with Notes and appendices, 
Dr S Balachandra Rao and Dr S K Uma, LJHS., Indian National Science Academy, New Delhi,2008. 


"ERES 122 Ancient Indian Mathematicians 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


where e is the eccentricity of the Moon's elliptical orbit and «p is the Moon's mean anomaly given by 


Ф = (Moon's mean long. — perigee) 


Note : In Indian astronomy, instead of perigee, its opposite point, apogee(smandocca) is considered. 


(ii) Evection : 


15 : 
Evection — vus sin(26 —Ф)= (76' 26")sin(2é - D) 


where x is the elongation of the Moon from the Sun 


i.e., x = (Mean long. of the Moon — Mean long. of the Sun) and mis the ratio of the mean daily motions of the Sun 
and the Moon. 


(iii) Variation : 


Variation — E т? + > т? + ue m“ [sinë = (39' 30" )sin(2&) 


Thus, considering only these three important equations of the Moon, the (approximate) true longitude () of the 
Moon is given by 


A =L+377" sin® +76' sin(2é –Ф)+39'.5 sin(2£) 


where L is the mean longitude of the Moon. In particular, at the syzygies (i.e., the new moon and full moon), x 
= 0 or x= 180° in which case the variation term vanishes and the evection term reduces to—76' sin Ф. In that 


case, the (approximate) true longitude of the Moon at the new or full moon is given by 
А = L+377' зїп Ф —76 sin P = L+301' sinc? 


The equation of centre (mandaphala) was known since even before Aryabhata -I (476 A.D.). In fact, Aryabhata 
himself gave the coefficient in the correction term as 300* 5°. Brahmagupta in his Uttara Khand Khadayaka gives 
it as 301°.7. 

Actually, the second equation of the Moon viz., evection (combined with a part of the equation of centre) was first 
given, among the Indian astronomers, by Ma njula (or Ma njula , 932 A.D.) in his Laghumánasa. Sengupta 
points out, “In form the equation is most perfect, it is far superior to Ptolemy's; it is above all praise." 
Bhaskara-II gets the credit of being the first among the Hindu astronomers in introducing the Moon's equation 
which is now called evection into a siddhántic text. It is remarkable that Bhaskara's discovery preceded that in the 
west (by Tycho Brahe) by nearly four centuries. 


Apart from the three major equations of the Moon, there is another important fourth equation called, the annual 
equation. The credit of the discovery of this lunar correction, among Indian astronomers, goes to the Orissa 
astronomer, Candrasekhara Simha Samanta (19th Century). It is noteworthy that Candra Sekhara discovered 
this important correction independently since he was trained in the orthodox Sanskrit style and totally ignorant of 
English education or the western development of astronomy. In fact, CandraSekhara’s fourth equation works out to 
be 
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Annual correction = (11 27.6) sin (Sun's anomaly) 
Tycho Brahe took the coefficient wrongly as 4* 30° while Horrock's (1639 A.D.) value is 11° 51”. 


4. Cakravála method to solve Nx? +1 = y? 


Brahmagupta (628 A.D.) has the unique honour, in the history of world mathematics, of discovering the general 


method of solving a second-order indeterminate equation, Varga Prakrti of the form Nx? +1 = y? by his Bhavana 
method. 


Bhaskara II improved upon Brahmagupta’s method in his Cakravála (cyclic) method. Bhaskara's method dispenses 
with the necessity of seeking a “trial solution", to start with, for the equation. 


The Cakravála method is essentially as follows : 


Nx? + К = y? when К= + 2, or +4 


We can find a and b such that Nx’ + К = b^ for any suitable K. We also have N. 1? + (n? = N)m? . Applying 
the Samása Bhavana of Brahmagupta, we readily obtain 


ЕЧ т?-М [bm+Nal 
ОК ЕЕЕ | .. e) 
K K K 


By the kuttaka method, choose m such that is divisible by K, where m is suitably chosen so as to make 
numerically small. Let 


x gabusp cr G and 


Bháskara's theorem 1 : When a, is an integer, 
then b, and К are also integers. 


Equation (*) takes the form Na? + K, = b; where a,, K, b,are integers. Now using a,, b, K instead of a, b, К, 


am+b m -N LE 


Then, we have 


the process is repeated. Let the new set of integers thus obtained be a,, b, K,,so that Na; + K, = b; . The 
process is repeated successively. 


Bháskara's theorem 2 : After a finite number of iterations, 
two integers œ and В can be obtained such that 


No? +A = В? where l= +1 or +2 or +4. 


Thus, starting with Ма? + K = b^ , where K is any convenient integer, we can arrive at a solution (a, b) of the 


equation Nx*+A=y" 
where A takes the value 1 or 2 or 4 with either the positive or the negative sign. 
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Once this solution is obtained, Brahmagupta's usual method will lead to an integral solution of the given equation, 
Nx +4 = y е 


While Bhaskara's first theorem has been proved by Datta and Singh and also by the famous German mathematician 
Hankel, the proof of Bhaskara's second theorem has been given by A.A. Krishnaswami Ayyangar (see Jour. Ind. 
Math. Soc. Vol. 18 (First Series), Second part, 232-245). 


Krishnaswami Ayyangar has also shown that Bháskara's Cakravála method requires less number of steps than the 
modern Euler-Lagrange method of solving a Varga Prakrti equation 


“It (Bháskara's Cakravála method) is beyond all 
praise : It is certainly the finest thing achieved 


in the theory of numbers before Lagrange ". 
- Hankel, the famous German mathematician. 


Considering the equation 61x?^ +1 = y? , as an example, Bhaskara II obtains the solution : 


x = 226 153 980, y = 1766 319 049 


In fact, these are the least non-trivial integral values of x and y (having 9 and 10 digits respectively) satisfying the 


equation 61x? +1= у>. 


Note: There is an interesting history behind this very particular equation, 61x^ +1 = y^. The famous French 


mathematician, Fermat, in 1657 A.D., proposed the above equation for solution, as a challenge, to Frenicle and 
other fellow-mathematicians. None of them succeeded in solving the equation in integers. But the very same equation, 
though coincidentally, was completely solved by Bhaskara II about five hundred years earlier. 


5. Bháskara П on differentials: Bháskara П introduces the concept of instantaneous motion (tátkálika gati) of 
a planet in the chapter on true positions of planets ( Spastadhikara ) of his Siddhanta S'iromani . He clearly 
distinguishes between sthula gati (gross or average velocity) and suksma gati (accurate velocity) in terms of 
differentials. 


If y and y' are the mean anomalies of a planet at the ends of consecutive intervals, then according to Bháskara, 


sin y —siny=(y — y)cos y 
which is equivalent to the result (in our modern notation) : 
d(sin y) = cos уду 


In Bháskara's own words : 


Bimbardhasya kotijya —junastrijaharah phalam dorjyayorantaram | 


“The product of cosine of the semi-diameter by the element of the radius gives the difference of the two sines.” 
However, much before Bháskara, nearly two centuries earlier, Manjula (932 A.D.) has given the same idea in his 
Laghumánasam. Ma njula uses the fact that the tabular difference of sines for an arc are proportional to the 


cosines. 
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а Am ; . : 1 
Bhaskara II goes further to state that the derivative (taken as a ratio of differentials) vanishes at a maxima. He says: 


yatra grahasya paramamphalam — tatraiva | gatiphalabhavena bhavitavyam | 
“Where the planet's motion is maximum, there the fruit of the motion is absent (i.e., stationary )."" 
6. Cubic and biquadratic equations 


The solution of cubic and higher order equations was a favorite topic in algebra dealt with by the medieval Indian 
mathematicians. 


Bhaskara II gives the solutions of cubic and biquadratic equations in his Bijaganitam : 


1. Solve the cubic equation x? + 12x = 6х +35 
Solution : The equation can be written as х? - бх? + 12x- 8 = 27 or (х-2) = 3° 


so that х-2=3 or х= 5. 


This is the only real root. 


2. Solve the biquadratic (i.e., fourth degree) equation x^ — 2x? — 400х = 9999 
Solution : Adding 4x? + 400x +1 to both sides, we get 
x? 42x? +1= 4x^ 4 400x 10,000 
ог (2 +1) =(2x+100)? 
ог 2 +1=2х+100 
Le, x?-2x41=100 or (x—1)* =100 
so that we get 
x-1=10 or x=11. 
The other roots, having complex values, are not considered since the idea of complex numbers was introduced 
many centuries !ater by the European mathematicians. 


7. Conclusion 


In this present article we have provided an introduction to the life and works of the popular Indian mathematician 
and astronomer, Bháskara II his works actually go deeper into the concepts and procedures. The titles listed in the 
bibliography provide the real insight into Bhaskara’s contributions. 
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Pavuluri Mallana 
Outlines of His Life and Work 
Prof. P.V. Arunachalam 


Prologue: 

Any reference to Ancient Indian Science, in general, and mathematics, in particular, usually takes us to 
places like Pataliputra, Ujjain, or Varanasi. A notable exception is a sleepy, small town called Manyakheta (presently 
known as Malkhed) of Karnataka. During the 9^ century A.D, Amogha Varsha Nripathunga (814-880 A.D), of the 
Rashtrakuta Dynasty, ruled the northern part of Karnataka as an emperor. He not only patronized artists, sculptures, 
and vaidyas, but also scholars, poets, and scientists. Among these scientists was a brilliant Jain mathematician by 
the name Mahaviracharya. He was a much respected mathematician who flourished in Karnataka. He was considered 
famous much earlier to the great Bhaskaracharya (12" Century) and later to the well-known Brahmagupta (6^ 
Century). 


Mather- ~ eu.» of ancient India were mostly well-versed scholars in Jyothisha and Astronomy. Amongst 
them, Mahavira shine? 25 a brilliant and exceptional star. He was primarily a mathematician par excellence and not 
an astronomer or a jyothishka. His magnum opus, Ganita Sara Sangraha (GSS), was a work of high quality for his 
times. Itis unfortunate that mathematicians who succeeded him did not make any reference to either Mahaviracharya 
or his work, GSS. The reason could be anything. 


Mahaviracharya was an ardent Jain. This might have been a reason that Hindu mathematicians of contemporary/ 
later periods eclipsed him. Maybe due to the lack of communication systems, the fame of this mathematician and his 
work could not reach northern parts of the country like Ujjain, Varanasi, or Pataliputra. However, the fact remains 
that Mahaviracharya has been one of the greatest mathematicians of ancient India and his monumental work GSS 
was a famous compendium of mathematics, of his times, free from astronomy or astrology. 


Pavuluri Mallana (11% Century A.D): 

Pavuluri Mallana lived in the 11^ Century A.D. and adorned the court of the Eastern Chalukyan King Raja 
Raja Narendra of the Vengi Kingdom (1018-1061). He ruled with Rajamahendravaram (now known as Rajahmundry) 
as the capital. Rajahmundry is built on the banks of the river Godavari in the coastal region of Andhra Pradesh. Little 
is known about Mallana's early life and about his complete works, except the first three chapters of his book known 
as Sara Sangraha Ganitamu (SSG). 


There are two views about the time period of Mallana. One view is that he was a contemporary of the 
illustrious Adikavi Nannaya Bhattaraka, who wrote the first Kavya of Telugu literature. This is the famous translation/ 
trans-creation of the original Sanskrit Mahabharata of Sage Veda Vyasa. Every Telugu speaking person knows the 
stature of Nannaya and the pre-eminent place that has been given to him and his work (Andhra Maha Bharatam — 
the two and a half Cantos — Aadi Parvam, Sabha Parvam, and a part of Aranya Parvam). Nannaya was the chief 
poet in the court of King Raja Raja Narendra. Nannaya was more than a poet; he was a friend, a guide and a 
philosopher to the king. Mallana was a close associate and friend of Nannaya. Mallana enjoyed along with Nannaya 
the royal patronage. Obviously, Mallana should have known very well the writings of Nannaya, the style of his 
translational methods, and the art of composing Telugu poems in different meters. Eloquent evidence to these facts 
is noticeable in many common features that we find in the writings of both. Some of the common features are listed 


below. 


1. Nannaya translated into Telugu from the Sanskrit original of Sage Veda Vyasa 
Mallana translated into Telugu from the Sanskrit original (GSS) of Mahaviracharya. 
2 Both the renderings are not mere word to word translations, but they are trans-creations. 
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3. Nannaya's opening poem is in Sanskrit — Sardoola Vikriditam Meter. 
Sreevanee... 


Mallana's opening poem is also in Sanskrit and in the same meter. 
Sreekantam... 


We note here that both were writing Telugu works but the start was with the Sanskrit slokas. 


4. Nannaya concluded his opening sloka with the words 
Sreekandharaashraeyasae... 
Mallana concluded with the words 
Vande Shivam Shraeyasae... 


5. Nannaya described The Mahabharata as Bharata Bharatee Samudramu... and declared that even Lord 
Brahma cannot swim across that vast ocean. 


Mallana with more assertiveness declared that 


Abhinava Sankhyamani Deepti Sara Sungraha Ganita Samudrambu Daruva Ganagiti Preetin... 


6. Nannaya said that he would render his translation in the way that was possible for him. 
Mallana with more confidence said 


Ganitamu Tenuguna Gavimpaga Ganagithini Sukavi Malluda... 


7. Nannaya presented his work as a Champu Kavya that is an admixture of prose and poetry. 
Mallana also did likewise. 
8. Nannaya used several types of poetical meters — prosodic structures, and a particular mention need be 


made on the meter of Mattakokila form. 
Mallana also used Mattakokila poems. 


9. Nannaya was a trend setter for Telugu writing as he was the first poet in Telugu literary composition. 


Mallana wrote the first treatise on a scientific topic like mathematics simultaneously with Nannaya and also 
independently. 


10. — Nannaya had alittle freedom in his translation of Mahabharata which is a Kavya. 
Mallana had no freedom at all as his subject theme was mathematics. In contrast we can say that Nannaya 
had a lot of facility and Mallana had a lot of restrictions. 


| 
| 
Н 


]l.  Nannaya had plenty of opportunities to display his poetical skills, use effective figures of speech, and describe 
scenes with sweet diction and splendid imagery. 
Mallana could not afford to have this freedom. He had inbuilt difficulty. However, he had profound knowledge 
and writing skills in both Sanskrit and Telugu, in their literary traditions and writings. Besides, far reaching 
and exceptionally good scholarship in his subject namely mathematics flourished up to his times. 


12. Nannayacomposed the first Kavyam in Telugu. 
Mallana wrote the first treatise of mathematics in Telugu. 
Taking into consideration the state of Telugu language, limitation of the available mathematical knowledge, 
and the poor communication systems, one cannot but admire Mallana for his venture in successfully bringing 
out a text on mathematics. 


ЛШ ыо — 


128 Ancient Indian Mathematicians 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


13. Nannaya acknowledged that he was rendering into Telugu Vyasa's original, but Mallana never mentioned a 
word about the original GSS or its author Mahaviracharya. 


Mallana's Family Background: 


Pavuluru is a small village even now flourishing, in the Bapatla area of Guntur district. Mallana I, the son of 
Sivvana I, hailed from a family of village officers (Karanams). Mallana I had four sons, one of them was again 
Sivvana II. Sivvana II had a son by name Mallana II. Thus, there were two Sivvanas and two Mallanas. 


Sivvanal >MallanaI> Ѕіууапа П >  Mallana II 


Mallana I was the distinguished contemporary of Nannaya and was in the Asthana of King Raja Raja 
Narendra. Mallana I was a great Jyothishka and a poet too in his own right. The King would have gifted him the 
village Navakhandavada, an agraharam, near Pitapuram in recognition of his services to the king and the state. 
One naturally opines that this Mallana I would be the author of Sara Sangraha Ganitam or popularly known as 
Pavuluri Ganitam. 


The other school of thought attributes the authorship to the grandson, Mallana II. The strong evidence for 
this view to gain strength and support of knowledgeable scholars is that some manuscripts of Pavuluri Ganitam 
(partially available) contain a poem which is crucial and is shown as irrefutable evidence to confirm their viewpoint. 
Due to lack of further details we are not able to pinpoint which Mallana was the author of Pavuluri Ganitam. Thus, 
both the views continue to confuse the historians of mathematics until further evidence comes out to settle the issue 
in favour of either of the Mallanas. 


Mahaviracharya and Mallana: 


Almost 1000 years before there was no tradition at all of writing texts in Telugu, much less a mathematical 
treatise. However, in Sanskrit, there was a long tradition of writing texts, whether literary or sastric. Thus, the great 
advantage that Mahavira had was denied to Mallana. Mallana took upon himself the Telugu rendering of 
Mahaviracharya's GSS composed in prosodic Sanskrit (Champu Kavya form). GSS is the most voluminous work 
belonging to the ancient period. This is a milestone in the history of Indian mathematics. It is a compendium of all 
mathematics known at the time of writing GSS (850 A.D.) setting right the vagueness in the mathematical concepts 
and refining the ideas already known. It contains 1131 Slokas and about 1000 problems and is presented in eight 
chapters, captioned Vyavaharas. Anka Ganitam, Bija Ganitam, Kashetra Ganitam, Vyavahara Ganitam, geometrical 
progressions and combinations are found in the text. 


Mahaviracharya admitted with humility that what he had done was only picking up some valuable material as 
much as possible for him by diving once or twice into the mighty ocean of mathematics. In his own words: 


Kinchi dudh dhruthya tatsaram vakshyehammatisaktitah 
Alpagrandhamanalpartham ganitam sara sangraham 


Mahavira was a devote Jain and he displayed an abundance all through his writings, wherever possible, 
about his attachment and devotion to the religion. 


Mallana composed in Champu form and he was endowed with sound knowledge of Sanskrit, Telugu, and 
Mathematics. Mallana was a staunch Saivite. He disliked the Jain atmosphere of the GSS and eventually did not 
make a mention of the fact that he had translated GSS — a highly unethical act on his part. 

It is a fact that SSG of Mallana was nota translation, mutatis mutandis. He omitted several things, added 
new portions, and framed new problems with full freedom. Most of the problems he had included were his own. In 


———————————— ÁREA 
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certain situations, though Mallana had taken a problem from the original, he changed the data to give it a flavour of 
his own. Some points in comparison and contrast between GSS and SSG can be listed. 


1. 


Mahavira commences his work with a prayer offered to Jinendra: 
Namastasmai Jinendraya Mahavirayatayinae 

Mallana prayed Lord Shiva: 

Tam Shivakaram Vande Shivam Preyasae 


Mahavira presented his work in eight parts — Vyavahiaras 
Mallana made it into ten parts: 
Parikarma Ganitamu 
Bhinna Ganitamu 
Prakeerna Ganitamu 
Thrairasika Ganitamu 
Misra Ganitamu 

Sutra Ganitamu 

Kshetra Ganitamu 

Suvarna Ganitamu 

Khata Ganitamu 

Chaya Ganitamu 


This is the reason why SSG is also called Dasa Vidha Ganitam. However, the work is popularly known as Pavuluri 


Ganitam as already mentioned. It is our misfortune that all the ten parts are not available. Only the first three chapters 
are available in print. 


3. 


Mahavira has mentioned the measures (kolathalu) that were in vogue during his times. Mallana totally 
deviated from this scheme as those measurements would have become archaic or out of usage or irrelevant. 
He chose the signs and measures that were in vogue in Andhra region of his locality. We know that even 
Mallana's measures are not relevant now. While describing various measures, Mallana said 
"Maanamugaa Vyavaharinthru Mahinandhra Janul” Їп measuring time Mallana mostly followed 
Mahavira, except in the following items. 

a. 3 Seasons (rituvulu) = 1 Ayanam 

2 Ayanams = 1 Year 


We use even now this terminology, but it is not known why Mallana discarded them. However, he said that 
6 Seasons (rituvulu) = 1 Year 


b. Mallana used the words Veesam for 1/16, Paraka for 1/8, Paatika for 1/4, and Addiga for 1/2. 


Mahavira referred to numbers that are powers of ten with names like 
Sasharam — 10? 

Laksha — 10? 

Коп — 10’ 

Arbudam — 10" 

Kharvam — 10? 

Mahaakshoni — 10"* 

Mahaakshobham — 10? 

He stopped with Mahaakshobham and thus he had given names for 24 place values. 
Mallana extended the scheme up to 36 place values like: 

Nidhi — 10? 

Paratam — 10% 

Mahabhuri — 10? 

Bahusam — 10? 
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Mahavira used, at times, symbolic words to represent numbers which has significance to the Jaina religion. 


Ratna for 3 (triratnamulu) 

Kashaya for 4 (krodha, mana, maya, lobha) 

Mahavira was not averse to use the symbolic words having relationship with Shaiva tradition like 
Haranethra for 3 

Pura for 3 

Kumara Vadana for 6 

Rudra, Hara for 11 

Mallana totally avoided using such Jaina symbolic words for numbers. Whatever symbolism he used was 
related to Shaivism. Thus he displayed his intolerance for the Jaina religion. 


Mahavira commenced every part (Vyavahara) of his work with Jaina invocation. 
Mallana commenced every chapter (evidenced by the available three chapters) with invocation to Shiva in 
Sanskrit slokas. (We note that this is a deviation from Nannaya's scheme). 


Acharya (Mahavira) used clusters of slokas at times to put forth fully the mathematical steps of a certain 
concept. Mallana abridged them and was content in putting the concept in a single sloka. 


Acharya commenced the elementary operations of arithmetic with multiplication and not with addition and 
subtraction as usual. Mallana followed suit. This approach is unique in teaching arithmetic and is found only 
in GSS and SSG. Mallana adds that as the primordial Omkara is the first thing for Vedas, multiplication is 
the starting point for mathematics. 

Amnaayambuluku Pranavambunum Bole, 

Sakala Ganitambuluku Prathamakarmambai 

Gunakaravikhyathambagu Ganukarambu 


Acharya described the elementary operations with the number zero and committed a blunder by defining 
(x+0)/0 = x. Mallana avoided this result perhaps judiciously when he defined the operations with the 
number zero as follows. 

Sunnayu Sunnayu Penchina 

Sunnaya; Tatkriti, Ghanambu Sunnaya Vachhun 

Sunnayu Lekkayu Penchina 

Sunnaya Tanamari Yundu Susthira Reethin 

Mallana avoided giving meaning to operations like “0 and ?"0, which were dealt with correctly by Acharya. 


Acharya displayed sound knowledge of divisibility rules, which Mallana also had. This is noticed vividly in 
the Kantahara number problems. In this section, Mallana excelled Mahavira, in setting up very interesting 
and original number problems. 


In squaring numbers, Acharya described four methods. Mallana took the last of the four methods, which 
was good enough for the purpose of squaring. 


In the case of computing cubes of numbers, GSS described many methods, while SSG adapted the last 
amongst them. 


To frame a problem involving unit fractions in Geometric Progression to find the unknown number, Acharya 
indulged in unnecessary, unwanted, and irrelevant amorous descriptions of a couple. Mallana discarded all 
these steps and came to the point by giving a minimum description of the scenario and directly framing the 
problem (Prakeerna Ganitamu) 
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14. — Inanother instance, Acharya, while dealing with Arithmetic Progressions, made a mention of a series with 


fractional number of terms, which is meaningless from practicality, but can have mathematical existence. This 
was followed by Mallana. 


15. The anecdote of a pundit requesting a benevolent king to grant him a simple gift of grains; “Oh King, in 64 
squares of the chess board please place grains as 1 in the first square, 2 in the second square, 4 in the third 
square, 8 in the fourth square, 16 in the fifth square, and so on..... 2% in the 64" square (last square)." The 
king failed to arrange this gift as it was impossible in time and in material. This problem is not found in GSS, 
butis found in SSG. Mallana gave a rich collection of such recreational problems of his own in his SSG. 


16. After narrating the properties of the elementary operations of numbers with the number zero, Acharya listed 
the properties of negative numbers. The highlight therein was his reasoning as to why negative numbers do 
not have square roots. Mallana did not dwell upon this important point. In addition, while discussing Arithmetic 
Progressions Mallana did not refer to any Arithmetic Progression with negative common difference. 


17. Acharya was undoubtedly a creative mathematician while Mallana was mostly a mathematician. 


18. GSS contains 1131 slokas and about 1000 problems presented in 8 Vyavaharas, Mallana’s work, which 
is available partially, contains 407 ? poems. 


19. — Indealing with Progressions, both Arithmetic and Geometric, Acharya excelled, in certain instances, the 
western writers. He introduced the new operations Sankalitham and Vyuthkalitham in dealing with the 
series. These two operations are twisted addition and subtraction. They are a little out of the way. Acharya 
preferred to introduce them after dealing with the operations of multiplication and division. Mallana followed 
Acharya in rendering translation of the theory portion only and proceeded in his own way in the later parts 
commendably by framing examples and problems. 


20. Рғакеета Ganitam, alittle advanced stuff in arithmetic needed algebraic methods to arrive at the answers. 
Acharya was at his best in the exposition of this part and Mallana did more commendably his Telugu 
rendering. In certain places, he even excelled Acharya. 


Epilogue: 


Mallana's SSG is the first mathematical treatise in Telugu. If we take into account the nascent state of Telugu 
language, which was just shaping itself to be a vehicle of literary works, the total lack of mathematical culture in the 
society and the problem of suitable terminology in the language, Mallana's venture disserves all praise. Though he 
had before him a readymade matter in Sanskrit, he adopted a methodology, which facilitated him to add or delete or 
modify concepts, problems, and themes. 


Itis unfortunate that the tradition inaugurated by Mallana did not continue and flourish. Except for stray writings on 
mathematics and commentaries on Sanskrit works about mathematics, now and then, there has been no substantial 
ororiginal contribution. The tradition initiated by Mallana should be revived and revitalised. 
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Chandra Sekhara Samanta 


-The last Classical Indian Astronomer 
Rupa.K'., Dr.Padmaja Venugopal’, Dr.Uma.S.K?. and Dr.Balachandra Rao.S* 


1. Introduction: Б 

The Indian contribution to mathematics and astronomy after Bhaskara П (b.1114 A.D.) somewhat declined, 
especially in the northern part of India. However, as is now well-known this condition in north India was more than 
compensated by the rich contribution from Kerala in the south. In fact for about five centuries mathematics and 
astronomy flourished in Kerala with truly startling contributions like (i) infinite series by Madhava onwards, (ii) 
quasi-heliocentric model by Nilakantha Somayaji and (iii) calculus related results like the differentials of inverse 
trigonometric ratios and the ‘quotient formula’. 


Outside Kerala, there were here and there some great original authors of siddh antic texts as well as commentators. 
Among them stand out the Maharashtrian astronomer Ganes'a Daivajfia (working from Varanasi), the author of 
Grahalaghavam (1520) and during the colonial rule, Samanta Chandrasekhar Simha from Orissa. The great 
Samanta was perhaps the last among our classical Indian naked-eye astronomers. 


Samanta Chandra Sekhar is a celebrated traditional Indian astronomer from Orissa. The Samanta, who flourished 
towards the end of the nineteenth century, was a self-trained astute astronomer who was completely insulated from 
Western knowledge - both English language and European astronomy. 


Samanta Chandra Sekhar - generally called Pathani Samanta - was born on December 13, 1835 in the royal family 
of the erstwhile princely state of Khandpara in Orissa. From his young age the Samanta developed a great interest 
in astronomy and mastered traditional Sanskrit texts like the Surya siddhanta and 
Bhaskara's Siddhanta s'iromani .He fabricated his own instruments for observing the planets and constellations. 
While the Samanta kept himself busy observing the heavenly bodies since he was 15 years old, it was only when he 
was around twenty-three years that he started systematically recording his observations. Three years later he composed 
his treatise in Sanskrit, Siddhanta darpana. Prof. Jogesh Chandra Ray of Cuttack College (now Ravenshaw 
College) played the pivotal role in not only introducing the astronomer Samanta to the world but even in arranging to 
get published his astronomical treatise, Siddhanta darpana (hereafter SD). Later, in 1893, Samanta Chandra 


Sekhar was conferred with the coveted title Mahamahopadhya ya by the British Govt., thanks to the 
recommendation of Prof. Nyayaratna, Principal of the Sanskrit College, Calcutta. It is truly heart-touching to know 
that the Samanta had no option but to keep the manuscript of his Sanskrit treatise, written on palm leaves in the 
Oriya script, for thirty years lying in a corner of his house. 


2. Samanta's Innovations: 
In SD we find a lot of innovations in the astronomical procedures and parameters like 
(i) The bhaganas of the heavenly bodies and important points in a kalpa for determining the mean daily 
motions, 
(ii) The number of civil days in a kalpa which defines the length of a solar year, 
(iii) The mean positions of planets at the Kali epoch, 
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(iv) The epochal mean positions at the Samanta's chosen epoch viz., April 12, 1869 at the mean sunrise at 
Lanka; 

(v) The rate of precession of the equinoxes and the year of zero- ayanams'a , 

(vi) The inclination of the planets' orbital planes with the plane of the ecliptic ( Kranti vrtta ). 


(vii) Determination of the celestial latitudes of the planets, 
(viii) The angular diameters of the sun, the moon and the planets, 


(ix) The paridhis (peripheries) of the manda and s‘ighra circles and so on. 


Conceptually, what draws our attention is the heliocentric-like model of planetary model proposed by Samanta 
Chandra Sekhar. Although similar models were proposed earlier by Tycho Brahe (1546-1601) and 
Nilakantha Somayaji (1444-1545), it is surely to the credit of the Samanta that he evolved this planetary model 
independently. Most possibly he was not aware of the models suggested by Brahe or Somaya ji. 


In the present paper we have made an attempt to highlight some computational aspects of the Samanta's text, 
Siddhanta darpana and compared the results with those of modern astronomical procedures as also of the popular 
karana text, Grahalaghavam' . As a test case, the latest lunar eclipse is worked out based on the Samanta's 
procedure. 


3. Revolutions ( bhaganas ) of bodies in а kalpa 


The usual practice, in the traditional Siddhantic texts, of giving the mean daily motions (madhyama gati) 
of the heavenly bodies is through the numbers of revolutions ( bhaganas ) executed by these bodies in a long period 


ofa mahayuga(432 x10* years) or a kalpa (432x10* years). The Samanta presents a revised set of the 


bhaganas in a kalpa. 


In Table 1 we have compared his values (SD) with those of the Surya siddhanta (SS) and with our 


suggested values for the bhaganas . 


Table 1: of bodies in a kalpa ( (43210 years) 


Proposed 
Modern 


Ravi, Budha & 4,32,00,00,000 4,32,00,00,000 4,32,00,00,000 
S'ukra 
Candra 57,75,33,36,000 | 57,75,33,36,000 | 57,75,29,85,910 


2,29,68,76,453 
36,41,95,066 | 
14,66,56,219 — 
17,93,70,33,867 | 


7,02,22,60,402 


жш [ usam] ngom 


7,02,23,76,000 | 7,02,22,57,860 
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Footnote : * See Grahalaghavam of Ganes'a Daivajña ., An Eng. Exposition, Math.Notes etc S. Balachandra 
Rao and S.K. Uma, INSA, New Delhi ,2006. 


We notice from Table 1 that the Samanta has rightly modified the bhaganas of all the five taragrahas 
from the ones according tothe S urya siddhanta (SS). While the fi gure is enhanced in the case of Kuja and 


S'ani,the same are diminished in the case of Guru, Budha s‘ighrocca and S'ukra . We have correspondingly 


asimilar behaviour in respect of these bodies in our proposed modern values. In fact, the SD values would have 
been still closer to the proposed modern values if only the had preferred a better value for the civil days. 


In the case of Guru (Jupiter), for example, the motion of the sidereal planet is 10925661” .4 in a Julian century of 


36525 days. Now, for the mahayuga of 1,57,79,07,487 days modern proposed, the bhaganas of sidereal 


Jupiter come to 3, 64,195.066. Therefore in a kalpa the, by multiplying the above figure by 1000, work out to 
be 36,41,95,066. 


4. Mandoccas (apogees) of planets 


While a mean planet moves, with uniform angular velocity, along the deferent circle say of radius R, the 
manda- corrected (true) planet moves along the manda ( vrtta) epicycle, say of periphery p. On this epicycle the 


manda-ucca (apogee) U and its geometrically opposite point, manda- nica N are situated. While U is the 
farthest point, N is the nearest point to the observer. 


Most of the ancient Indian astronomers assumed the mandoccas of the planets, including that of the sun, 
as fixed. Only the moon's mandocca was considered moving. They were not essentially off-the-mark since the 
mandoccas of planets move too slowly. Again, the ancient and medieval Indian astronomers assigned reasonably 


a good value for the rate of motion of the moon's mandocca. It was only the 5 urya siddhanta (SS) that 
prescribed bhaganas for the mandoccas of the planets in a kalpa. Chandra Sekhar Simha has rightly noticed 
that the apogees have a motion, though slow, and given mean rates in items of bhaganas . 


The motion of the mandoccas of the planets are very small even over a long period. Only in the case of the 
moon its mandocca has a significant rate of motion. The moon's mandocca moves at 40.676495 per year 


according to the Siddhanta Darpana and at 40°.67709 per year as per modern computation. 
5.1 Manda Paridhi and equation of centre 


As pointed out in section 4, all the planets, the sun and the moon move in their respective manda epicycle. The 
resulting equation is called mandaphala which corresponds to the “equation of centre" in the modern heliocentric 
model. In fact, with a couple of small approximations, the mandaphala (MP) is given by 


MP = C sin(m) 5.1 
R 


where m is the mandakendra (anomaly), a and R are respectively the peripheries (paridhis) of the manda 
epicycle and the common deferent circle. The ratio a/R is taken as that of the two peripheries expressed in degrees. 


The periphery of the deferent circle is taken as R = 360°, a constant, common to all the bodies. The peripheries a 
have different values (in degrees) for different bodies, While a few traditional Indian astronomers-notably Brahmagupta 


in his Khanda khadyaka -took the periphery a of each 
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planet as a constant, many others have rightly considered a variable periphery a for each body. They have 


prescribed the minimum and the maximum values for a. For them a is a function of the mandakendra (anomaly 


m). The ranges of variations of the manda peripheries for the heavenly bodies according to different texts are 
Table 2: Manda peripheries 


listed in Table 2. 
KK &VSS | Aryabhata Surya siddhanta | Modern proposed (Deg) 


Candra 31? 1°.5 31°40’ to 32° 36°.81-42°.23 


317, 
Kuja 70° 63° —81° 72° to 75° 59°,3—74°.92 


Budha 28° 22°.5 to 3195 28° to 30° 109°.8—184°.72 


Guru Л S 320.69 —36°.89 
Sukra 14° 11° to 12° 4°.87-4°.95 


Sani 60° 40°.5 to 58°.5 48° to 49° 37° 42.— 43°.04 


Note: KK : Khanda khadyaka, VSS : Varahamihira' s Saura siddhanta . 


In the case of variable peripheries, the left-hand (lesser) values are the values of the periphery a at the end of 
the odd quadrants (т = 90? or 270? ) and the right-hand (higher) values at the end of the even quadrants 


(m 2180? or 360° ). Here, m is the mandakendra, the anomaly from the mandocca. 


If a, and a, are the peripheries at the ends of even and odd quadrants respectively then the variable periphery a 
at any instant, as a function of m, is given by 


a — a, — (а, —ay)| sin т | 
Chandra Sekhar Samanta gives the following mean (madhyama) paridhis (in degrees) of the manda vrttas of 
the raragrahas : 


Kuja 69, Budha 27, Guru 34.5, Sukra 12 and Sani 39. The Samanta provides methods for the computation of 
the true paridhi of each planet. These paridhis are functions of the manda anomaly and hence variable. 


We have to appreciate the important point that it is this variable nature of the manda epicycle that results in 
the locus of the true planet, atleast as a very close approximation, in an elliptical orbit. Here, Samanta Chandra 


Sekhar scores over the authors ofthe Khanda Khadyaka and Varahamihira's Saura siddhanta . 


5.2 Manda paridhi vis — a’ — vis modern computation 
The modern expression for the equation of centre, considering the first two terms, in the Fourier expansion, is 


E- Эё нг іпт+ Spa BU in2m 52-922. 
4 4 24 


where e is the eccentricity of the elliptical orbit. Since e is generally very small, ignoring the higher powers of e, 
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the equation of centre, to the first approximation is 
Е = (2e)sin m 
Interestingly, comparing (5.1) and (5.3) and noting that MP = E, 


we have 
a=2e (both in radians) 


However, for better accuracy, we consider the powers of e upto е“ in (5.2). 


Let e, E22 — 6! and e; -Že жы ы 


24 
Then (5.2), using (5.4), can be written as 
E =e sin m+e, sin 2m 
=e, sin m -* 2e, sin m cos m 


ie., E =(e, + 2e; cosm)sin m 


From (5.5) we observe that the coefficient of sin т in the equation of centre is a variable and a function of the 
anomaly т. Now, from (5.1) and (5.5) it follows that the ratio of the peripheries a/R of the manda epicycle 


corresponds to (е, + 2e, cos m) where e, and e, are defined in (5.4). 


However, we have to point out that the manda paridhi assigned to Buddha (Mercury) in our traditional 
siddhantas does not reflect the high eccentricity of Buddha’s (heliocentric) orbit. For example, the Surya siddhanta 
has assigned the variabliable value 28° to 30? to Buddha's manda paridhi. But, considering the high eccentricity of 


Buddha's orbit, its manda periphery should vary from 109.8? to 184.7°. Similarly, the manda periphery of 


S'ukra (Venus) would be nearly half of the traditionally assigned range. 


6. Civil days in a kalpa 


The traditional Indian astronomical text give the number of civil days (savana dinas ) in either a 
mahayuga(432 x10* years) orakalpa(432x10’ years). In fact, the number of civil days defines the length of a 


solar year used in a particular text. The civil days in a maha yuga according to different texts are compared in 


Table3. 
Table 3: Civil days in a mahayuga 
ШМ еы à— | Civil days | 
[T ранага (Ауана [157.79.17500. | 
LS | siiadapsaGamams  |1,57,79,17,828 — 
ШКО ra _ 
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Taking the modern value of the sidereal ( nirayana ) sun's daily motion as SDM = 3548^.1928098, the length of 
a sidereal solar year becomes 365.2563627378105 days. Allowing a maximum numerical error of + 5 in the 
eighth digit in the value of SDM, correspondingly, the number of civil days in a mahayuga turns on to be 
1,57,79,07,487 days as shown in Table 3. 


Itis not clear as to what prompted the Samanta to adoptthe Surya siddhanta value for the number of civil days. 
7. Epochal mean positions of SD 


Samanta Chandra Sekhar has given the mean positions of the heavenly bodies as also the special points like the 


mandoccas and patas in his SD for his chosen epoch viz., April 12, 1869 at the mean sunrise at Lanka . These 


epochal mean positions of SD are compared with those according to the Grahalaghavam (GL) and the modern 
computations in Table 4. 


In Table 4, the nirayana positions of the bodies are reduced to the values with acommon ayanams'a viz., the 
one adopted by the, Govt. of India based on the Calendar Reform Committee Report. It is interesting to note that 


the ayanams'a according to SD is virtually the same as that of the /nd. Ast. Eph. computations for the year 1869 
AD. 
Table4: Mean positions of bodies for 12/4/1869 


Body | Grahalaghavam Siddhanta darpana 
Candra 3935/ 3°20’ '36” 
Candra 323?35'20* 322734 


Mandocca 

15139 
324"06' 318^14' 
346"06/ 343'4Y 343*40 
300" 
| Rau | 


From Table 4, we find a remarkable closeness of the SD epochal positions to those according to modern astronomy. 
Therefore a very important stage for the computational veracity of planetary positions according to SD is guaranteed. 


32201828” 


Earlier we have noticed that the bhaganas of the bodies in a kalpa also bear a greater closeness to the modern 
computations. This ensures the next stage of computational efficacy of the SD procedure. 


8. Mean positions at the Kali beginning 


As perthe ardharatrika convention of Aryabhata I (b. 476 A.D.), Samanta Chandra Sekhar has adopted 
the midnight of 17/18, February 3102 B.C. as the beginning of the Kali era. In the chapter on mean planets 


S'lokas 52-55 give the mean positions of the bodies at the Kali beginning in liptis (minutes of arc). In the 
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following Table 5, these mean positions are in degrees etc. listed and compared with those according to the 
modern computations as also a traditional text. 


From Table 5, we find discouragingly wide variations in the mean positions among the three systems chosen. According 
tothe Surya siddhanta itis assumed that all the planets, including Ketu (the moon's descending node ) were in 


conjunction while the moon's apogee (Candra mandocca) was at 90° and the moon's ascending node ( Rahu ) 


was at 180°. It is surprising that Bhaskara Il (b. 1114 A.D.) almost conforms to this assumption of the conjunction 
though with very small deviations. 


Table 5: Mean positions at the Kali beginning 


Body Siddhanta s'iromani | Siddhanta darpana | Proposed 
Modern 

359"03'50" 3445248' | 335/3725" 
S'ani 358°46/34” 330°50'24” 36^24'5]" 

1 78°39736” 62°34'24” 


Ravi 77°45'36" 
mandocca 


Candra 125°29'46" 120°36'0” 1130628" | 
mandocca 
153°12’58” 198°33’08” 188°47'28” 


Note: As regards the apogees of the sun and the planets, most of the traditional texts assumed them as 
constants. However, the Surya siddhanta and Bhaskara's Siddhanta S'iromani recognised that the Ravi 


mandocca moves though slowly. 


Samanta Chandra Sekhar has given a go-by to the pet conjunction assumption at the Kali begininning and rightely 
so. SD epochal positions as also the planetary bhaganas are all reasonably good. But then how come its Kali 
beginning positions are at variance from the proposed positions as per the modern computations? 


The main culprit appears to be the ayanams’a . Our computations, based on the modern known rate of the 


precession of the equinoxes and the assumption of the zero- ауапатз'а in 285 A.D., the mean works out to be 


—46°34'52" . 
9, Computation of lunar eclipse 


The procedure of computing the circumstances of the lunar eclipse according to the Siddhanta Darpana 


is demonstrated in this section with an example. The lunar eclipse that took place on the night between May 4 
and 5, 2004 is chosen for the purpose. The results are compared with those of the modern astronomical 
computations. 


At the mean sunrise at Lanka on May 4, 2004 we have 


True sun: 19°43’, True moon: 188°26’, Rahu: 17°59’; 
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True daily motion of the moon, MDM: 897' ; 
True daily motion of the sun, SDM: 58’ 


Instant of opposition ( parvanta ): 49 gh. From the mean sunrise. 


At the instant of parvanta : 


True sun: 20°31’, True moon: 200°3 = M 
Rahu:17?58' (approx) = R 


SDM x11 
Sun's diameter (Ravi bimbam): — 20 - = 31[54 kalas. 


MDM —7 - 
Moon's diameter (Candra bimbam): ЕЕ = 35|36 kalas. 


oo were 


Earth's shadow diameter ( Bhuccha ya bimbam): 


MDM _ SDM x78 
j 145 


i.e., i.e., SDIA =31|54 kalaas, MDIA —35|36 kalas, SHDIA =96|56|34 kalas. 


= 96[56|34 kalas. 


(oor RST REE OQ 


Virahu Candra, (Moon-Rahu) = 3°31'48" < 90° 
-. Bhuja of Virahu Candra = 3°31’48” = Bhuja(M-R) 
Bhuja (M 9) 1 
16 


х — 


Moon's s'ara = L (M-R)- m 


ie. S'ara = 2027" North. 


MDIA+SHDIA 
2 


M anaikyakhanda, MNK= = 66|16 kalas. 


Obscuration, Grasa = MNK - S'ara = 45|49 kalas . 
since Grasa > MDIA (i.e.45|49>35|36), the lunar eclipse is total. 


(i) Half-duration of the lunar eclipse: 


(MNK ) -— (Sara ) 
(MDM - SDM) 
i.e. Half-duration of eclipse = 4? 30.46"* = 1°48°11°. 


x60 gh. 


Sthityardha = 


Pp a җ =: S a 
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(ii) Half-duration of totality : 


(SHDIA - MDIA) 
2 


Manantarakhanda, MNA = = 30/40 kalas. 


Half-duration of totality, 
(MNA) - (Sara ) 
(MDM -SDM) 
i.e. Half-duration of totality = 18" 38.0565"* = 0"39"13°.356. 


Mardardha = x60 gh. 


Therefore, we have the following circumstances of the lunar eclipse: 


(i) Spars'a, the beginning of the eclipse : 

49°" — 4% 30.46"? = 44°" 29.54"* = 17^ 47"48*.96 after sunrise. 
(ii) Nimilana, the beginning of totality : 

49% — 138.068 = 47*^ 2].94"* = 18"56™46°.56 after sunrise. 
(iii) Madhya, the middle of the eclipse : 

49*" = 19^ 36" after sunrise. 
(iv) Unmilana, the end of totality : 

49*^ +1#38.06'# — 50? 38.06"* = 20°15"13°.44 after sunrise. 
(v) Moksa, the end of the eclipse : 

49% + 49 30.46"* = 53°" 30.46"* = 21" 24™11°.04 


Summary of the lunar eclipse dated May 4, 2004 


The above timings are converted to IST for the purpose of comparison with the timings of modern computations. 


Table 6: Circumstances of Lunar Eclipse on 4/5/2004 


Circumstances | Siddhanta darpana | Modern 
` | (indian 
Ephemeris) 


[Sparta [эмге [o __ 
[2 iud 
[3 [Майа [бо [бог 

4 (imitans [afarira — [2636 | 
5 [Moss — arsmro zm | 
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We observe that the timings of the lunar eclipse according to $D are quite close to those of the modern 
computation (as giving in the Indian Ephemeris). However, we acknowledge that the timings according to SD are 
w.r.t the mean sunrise. If the true sunrise is considered there will be uniform variation, though small, from the 
modern values in IST. 


10. Corrections for bodies’ positions 


In the Indian astronomical tradition, the practice of introducing bijas (corrections) to the parameters has been in 


vogue for long. The Indian astronomers were aware that the values of the governing parameters, given by them, 
would be valid only for a century or so and that future competent astronomers should provide further improvements. 


For example, the celebrated Kerala astronomer, Parames'vara states: 


Kalantare tu samskaras'cintyatam ganakottamaiah 


“In the course of time, the (necessary) corrections must be decided by the expert mathematicians”. In fact, in his 
extensive work on computations of eclipses - Grahanamandana - observes in all humility that the times of 
contact etc. of an eclipse as given by him may at times differ slightly from observed positions: . 


10.1 Moon's equations 


In computing the position of the Moon, according to the siddhantic texts, there has always been a noticeable 
deviation. The ancient Indian astronomers suggested the well known corrections, besides the manda equation, 
which we call evection and variation. 


The equation of centre (manda correction) was known in India even before Aryabhata I (476 A.D.). In fact 
Aryabhata himself gives the coefficient in the manda equation as300'25. Brahmagupta in his 
Uttara Khanda Khadyaka gives the same as 301'.7 . However, it must be pointed out that out of the actual 
equation of centre, a part of it is combined with the second correction ("evection") and the combined equation is 
even in later siddhantic texts. 


In fact, this combined equation for the Moon was first given, among the Indian astronomers, by 
Manjula (or Мипјша ,932 A.D.) in his Laghumanasam . P.C. Sengupta points out, “In form the equation is most 
perfect, it is far superior to Ptolemy’s; it is above all praise." While the credit of discovering the Moon's second 
equation, among the Hindu astronomers, undoubtedly goes to Manjula, it was Bhaskara II (1114 A.D.) who 


introduced it into his siddhanta . 


The third equation for ће Moon’s position, “variation” was introduced in Indian astronomy by II in1 150 A.D., 
four centuries before Tycho Brahe discovered it in the west. 


The honour of introducing the fourth equation, to the Moon’s position, now called “annual equation” goes to the 
highly dedicated astute astronomer from Orissa Mm. Samanta Chandra Sekhar Simha of the 19^ century. He 


called it " Digams'a" samskara and incorporated it in his remarkable text, Siddhanta darpana . The constant 


coefficient in Chandra Sekhar's equation is 11'26.6" . It is important to note that Tycho Brahe had given the coefficient 
as 4730”. The modern value is 117107. Thus, Chandra Sekhar Samanta's value is far closer to the modern value. 
This accuracy of his value is truly remarkable in the light of the fact that the Samanta was trained exclusively in the 
orthodox Sanskrit tradition and totally ignorant of the English education or the western development of astronomy. 
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The modern expressions for the three above-said equations of the Moon are as follows: 


1. Evection = 4586'sin(2D — g) where D = M – S, the mean elongation of the moon (from the sun), M 


and S being the mean longitudes of the moon and the sun respectively and g is the mean anomaly of the moon (from 
its perigee). 


Inthe context of Indian astronomy, the mean anomaly (manda kendra) is measured from the apogee 
(mandocca). If the perigee and the apogee of the moon are denoted respectively by P and A, then we have 


Mean anomaly, 
g=M-P=M-(A+180°) 
= (M-A)- 180? 


so that the evection equation becomes 


БОГО С 4586'sin [2p -(А+180° )| 


= -4586'sin[2D - (M - 4)] 


However, as defined in the Surya siddhanta, 


Manda anomaly = Mandocca — Mean longitude = A — M 
In which case 


Evection= —4586" sin [2D 4 MA] 


where МА = A — M, the manda anomaly of the moon. In terms of the mean longitudes of the sun (S) and the 
moon (M) the mandocca A,we have 


Evection = —4586'sin(M —2$ + A) (ТОТ) 


2. Variation 
Variation = 2370" sin(2D) scc (10.2) 
where А = M —S, the moon's elongation from the sun. Samanta Chandra 


Sekharinhis Siddhanta Darpana has taken this equation as 


[Rsin2[M -5]] ICE 
EO or 38 12 sin2D 


i.e. 2292" sin(2D) where R = 3438’ 


3. Annual equation = —668"sin(g^) where g” is the sun’s mean anomaly 
ie. g/ 2 S — P'[P':Sun's perigee] 


Here also, considering the sun's anomaly measured from his apogee (mandocca) A' , as is the case in 
the Siddhantas, we have 


Annual equation — -668'sin[ s SAY 180°)| = 668" sin[S — A] 


Annual equation= —668"sin[A'— 5] .-. (10.3) 
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where [A'— S] is the sun's manda kendra (as defined in the Surya siddhanta ). 


Remark: Infact, the moon's annual equation happens to be a fraction of the sun's mandaphala (equation of 
centre). According to the modern values of the concerned coefficients we have 


Sun's equation of centre = 6910” sin(g’) 
Annual equation of the moon = —668’ sin (g’) 


-668 1 


The ratio of the latter to the former — 6910 10.34 


Samanta Chandra Sekhar has approximated this ratio to (- 1/10) and taken Moon's annual equation = 10 Sun's 


manda equation . 


As a respectful tribute to the Samanta Chandra Sekhar we shall continue to use the names 


Tungantara, Paksika and Digamsa, given by him, respectively for evection, variation and annual equation. 


Thus from (10.1), (10.2) and (10.3) we have three equation of the moon, besides the usual mandaphala, 
given by 


a. Tungantara Samskara (Evection)= —4586'sin(M –25 + A) 
b. Paksika Samskara (Variation) = 2370" sin 2(M —$) 


c. Digamsa (Annual equation) 


hie l 
=—668"sin (МК) =— то зд (Sun'sequation) 


where МК is the sun’s manda kendra (anomaly of apsis) defined by MK = A'— S(A' : Sun's mandocca) . 


Note: Inthe Tungantara equation, given by Samanta Chandra Sekhar a part of the (modern) equation of centre 


is combined with evection equation. Inthe earlier siddhantic texts also, the manda equation included only a major 
part of the (modern) equation. However, in the proposed equations we are suggesting in this work the three equations 
(a) to (c) above correspond to the three equations adopted in modern astronomy. 


11. The case of Budha and S'ukra 
The traditional Indian astronomical text have always treated Budha and differently from the remaining viz., 
Kuja, Guru and in the context of determining their true positions. 
While the mean position of the superior planets are taken as they are, in the case of Budha and S'ukra (the 
inferior planets) two special points called Budha s'ighrocca and S'ukra s'ighrocca are considered. 
The position of the mean Ravi is itself taken as the position of both mean Budha and mean S'ukra . Again, while 
working out the s’ighra equation, the argument of the relevant sine function is taken, for example in the case of 


Budha, as (B - R) as per the S urya siddhanta convention, where B and R are respectively the Budha 
s‘ighrocca and the mean Ravi. In the case of superior planets, the order of the terms in the argument is reversed. 
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For example, for Guru, the argument in the sine term of the s’ighra equation is (R - С) where G is the mean position 
of Guru. For the superior planets the mean Sun (Ravi) is considered as their s’ighrocca . Nilakantha somayaji 
(1444-1545 A.D.) points out in his Tantra sangraha that it is incorrect to have a differential treatment to the inferior 
and superior planets and that the sun is the common centre for the s’ighra equation to all the planets. This is truly a 
remarkable breakthrough in the history of mathematical astronomy in general and in Indian astronomy in particular 


(see Ramasubramanian et.al.,Current Science, May 1994). In fact, N ilakantha 's innovation, prompted by his 


paramaguru (1380-1460 А.Р.), is highly suggestive of a heliocentric model of planetary motion, much before 
Copernicus. It is interesting that Samanta Chandra Sekhar though independently, proposed a similar model (see 


Siddhanta Darpana , V, 6 and 7). 


12. Samanta on the Venus Transit 


In his Siddhanta = darpana, Samanta Chandrasekhar Simha, mentioning his observation of the Venus transit of 
1874 December 9, says: 


“To find on eclipse of the sun due to Venus, their bimba and the size of the taragraha is stated. In the Kali year 4975 


(1.6.1874 A.D.) there was a solar eclipse due to S^ukra in the Vrscika ras/i, Then the S'ukra bimba was seen as 1/32 of 


the Ravi bimba which is equal to 650 yojanas. Thus it is well proved that the bimba of S'ukra and planets is much smaller 
than that of the sun.” 

drstam s'ukrasya gadhastamayajam 

mandalam candabhanau 

kitams’e pancavims'e gatavati 

kalito' rthadrigo' bdhyabda vrnde | 


The above translation is by Shri Arun Kumar Upadhyaya. The translator refers to the transit of Venus as 'eclipse 
of the sun due to Venus’ (in fact, it is !). 


However, Samanta himself, in his Sanskrit text calls the transit 'S’ukra's gadhastamaya " i.e. close heliacal 


setting of Venus. It is interesting to note that Chintamani Raghunatha chary uses the same name, gadhasta forthe 
transit. iom o 
Siddhantadarpanah, XI, 110 


Conclusion : 

In this paper we have presented a few sample issues related to Samanta Chandra Sekhar’s astronomical 
innovation from the point of view of computational veracity. We have seen how the two main items required for 
computing the planetary positions, namely epochal positions and the mean rates of motion (through ће bhaganas 
ina kalpa) are fairly in order. The error in the rates of the slow moving mandoccas ( apogees) hardly contributes 


significantly. 


E O O 
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As the operational aspect of the Samanta's procedure for computing lunar eclipse, we have presented the total 
lunar eclipse of the current decade and seen its efficacy in predicting the circumstances of the eclipse within a 
permissible difference of a couple of minutes. 


His contribution to the moon's equations is remarkable. Further we have brought out the significance of 
Samanta's observation of the 1874 Venus transit and his conclusion therefrom. 
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Ganesa Daivajna 
— THE INDIAN ASTRONOMER WHO SIMPLIFIED THE ASTRONOMICAL PROCEDURES 


Dr. S.K.Uma!, Dr. Padmaja Venugopal? and Dr. S. Balachandra Rao? 


There is a general belief that after Bháskara II there was a decline in the development of mathematics and astronomy 
in India. While there may be some truth in this belief, thanks to historical reasons, it is also true that the post- 
Bhaskara period saw an intensely creative activity in mathematics in the regions south of the Vindhyas. In fact Kerala 
became the cradle of tremendous and rich mathematical output — often anticipating developments in the European 
mathematics. In other parts of India too there shone great luminaries, like Gane$a Daivajiia, upholding the great 
tradition of Indian astronomy and mathematics. 


In fact, the astronomical works of no other astronomer are in use among the makers of traditional Pancangas 
(astronomical almanacs) in most parts of India today as much as those of the great and popular astronomer, Ganēśa 
Daivajiia. 


1.1 Date and Place of Ganecea and Kecava Daivajña 
Gane$a Daivajiia’s father was the famous astronomer Keceava Daivajfia and his mother's name was Laksmi. He 
was born in 1507 AD (Saka 1429) at a place called Nandigráma on the western sea-coast. 


S.B.Dikshit points out that Nandigrama is at present a village called Nandagaon in the Janjeera State in the Konkan 
region. It lies about 40 miles to the south of Mumbai (Bombay). The family belonged to the gotra (patrilineal 
ancestry) of Kusika. GaneSa’s grand-father (Keceava’s father) was Kamalákara, also an eminent astronomer. Ganesa's 
teacher in astronomy was his father himself while Keceava’s guru was Vaijanatha. 


Сапеба“ father, Kesava, composed several works and commentaries on astronomy and astrology among which 
his astronomical work. Grahakautuka was highly respected. In fact, Kesava is regarded as one of the best 
observational astronomers of ancient and medieval India. In his Mitaksara auto-commentary on the Grahakautuka, 
Keceava observes: 


“The figures as calculated from the Brahma, Aryabhata and Saura siddhantas exhibit a vast difference in the 
position of Mercury (Budha) and Venus (Sukra). Saturn (Sani) has shown an excess of five degrees when actually 
observed in the sky at the time of conjunction with stars and planets and while setting and rising... Similarly, a 
difference is recorded in epochal positions and in the annual rates of motion. . .". 


“Hence the future calculators should calculate planetary positions by adopting the figures of revolutions increased or 
decreased in conformity with the actual observed phenomena of conjunctions, rising and setting of stars and planets 
in their own times. The writer (KeSava) has accordingly found out the mean position of the Moon, instead of its 
maximum equation of centre, by reversed steps, from the observation of the lunar eclipse at the ending moment of 
the fullmoon, since the equation of centre is neither positive nor negative. The Moon’s apogee was finally fixed by 


1 рг. S.K.Uma, Assistant Professor, Department of Mathematics, Sir M.V.Institute of Technology, Hunasamaranahalli, Bangalore — 562157. 
? Dr, Padmaja Venugopal, Professor and Head of the Department of Mathematics, S.J.B. Institute of Technology, Uttarahalli Post, Kengari, 


Bangalore — 560060. 
з pr S.Balachandra Rao, Hon. Director, Bhavan's Gandhi Centre of Science and Human Values, 43/1, Race Course Road, Bangalore — 


560001. 
148 48 Ancient Indian Mathematicians 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


o —€—r— P — M áwsmn"mr» (0 =. 


reversing the steps of calculation, after observing the eclipse at the moment of the fullmoon in the celestial globe of 
observation since the maximum correction is neither additive nor subtractive. The moon's position was found to be 


5 minutes (of arc) less as compared to that calculated from the Sáryasiddhanta. The apogee agreed with that of the 
Brahmapaksa. Thus, the writer has calculated the positions of planets by a short method after observing their actual 


positions at the present time." 


1.2 Works of Ganesa Daivajña 


Сапеѕа Daivajfia composed several important works on astronomy among which his astronomical treatise 
Grahalaghavam is the most famous. In fact, the remarkable popularity of the Grahalaghavam surpassed that of 
his father's Grahakautuka which was truly an important text in its own right. 


Gane$sa's other works are: Laghu- and Brhat - Tithi Cintamani, a commentary of Bháskara's Siddhánta 
Sirdmani, a commentary оп Bháskara's Lílálavarí (called Buddhivilasini ). Viváha vrndavanat ika, Muhirta 


2 . -p . . . . 
tattvatikà, Sráddha Nimaya etc. Gane$a himself mentions another work of his, Parvanirnaya . 


Among Gane$a's works, the Gragalághavam appears to have been composed first, believed to be when 


he was just 13 years old. The epoch of the Gragalaghavam is March 19, 1520 A.D. Monday at the mean sunrise 
at Ujjayini. The text consists of 187 @lokas distributed in 14 chapters. However, commentaries of Mallari and 


Vitivanatha contain a 15^ chapter consisting of 15 slokds called Pancanga Candragrahanam 
The work, Laghu tithi cintamani was composed in Saka 1447 (1525 A.D.) and the Buddhivildsini 
commentary on Bháskara's Lílavatí in the year 1545 A.D. Another work, Páta sarani, was composed some time 


after 1538 A.D. 


In the Grahalaghavam, the positions of planets have been given for the moment of sunrise of Monday, the 


newmoon day of Phalguna of Saka 1441 corresponding to March 19, 1520 A.D. (Julian). 


22 Popularity of Gragalaghavam and its commentators 


As mentioned earlier, the Grahalaghavam of GaGeca Daivajna is the most popular astronomical text, 


among the ancient and medieval texts, currently used in most parts of India. Further, among the karana works 


(hand-works) on Indian astronomy, the Grahalaghavam is considered as the most comprehensive, exhaustive and 
easy to use text. 


The Grahalághavam carries with it very useful and authoritative commentaries by reputed astronomers 
like Gangádhara (1586 A.D.), Mallári (1602 A.D.) and Visvanátha (around 1612 A.D.) 


Gangadhara's commentary on the Grahalághavamis called Manoramá. His father was Narayana who authored 
Muhirta martanda. Gangadhara was a Vajasaneyi Brahmin belonging to the Kaucikagotra, the same as that of 
Ganeáa Daivajiia. Gangadhara lived in a village called Tapar, lying to the north of Ghrsne$vara(Lord Siva) temple 
Which is to the north of Devagiri (Daulatabad). 
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ViSvanatha was brother of the highly accomplished astronomer Visnu who composed a Karana with the 


epochal year 1608 A.D. This Karana text is based on the Sárya siddhánta. Visnu also wrote a commentary on 
Ganesa Daivajiia’s Brhat- Tithi Cintamani in which he explains the theory also. Vitivanatha has written an 
udáharana on his brother's Karana. 


The two popular commentators of Grahalághavam are ViSvanatha and Mallári. They were born in illustrious 
Maharastrian Brahmin families of astronomers. Mallari’s father was Divákara, a pupil of Gane$a. Kamalakara, 
author of the Siddhanta tattva viveka and Ranganátha who wrote a commentary on the Süryasiddhanta were 
descendants of Vi$vanátha and Mallari. Nrsimha, nephew and pupil of Gane$a, wrote his commentary 


Harsakaumudi in 1548. The other commentators are Gangádhara (1586), Narayana (Kasi, before 1635) and 
Kamalakara (before 1662). 


ViSvanatha has given a large number of examples in his commentary to illustrate the methods of the 


Grahalághavam. The Grahalághavam is extensively used by the Pancanga-makers particularly in Maharashtra, 
Gujarat, northern parts of Karnataka, the Hyderabad Deccan region of Andhra Pradesh and by the Deccanis of 
Varanasi, Gwalior and Indore. It is pointed out that even the government almanacs published at Indore and Gwalior 
used the Grahalághavam and the Tithicintamani of Gane$a Daivajíia. 


3. Special features of Grahalaghavam 


(i) Cakra (cycle) and Ahargana 


Gane$a has simplified the method of computations of the positions of planets which is otherwise laborious 
by the traditional method. 


To avoid a huge number for the ahargana (number of civil days since the epoch), Gane$a has adopted an 


ahargana cycle of 4016 days, approximately constituting 11 solar years. Therefore, the modified ahargana being 


the remainder exceeding a completed number of cycles (of 4016 days each), never exceeds 4016 days and is hence 
handy. 


From the point of view of a pancanga-maker or a beginner who is ignorant of trigonometry, Gragalaghavam 
is easy to use since Gane$a has completely dispensed with the trigonometric functions. 


In fact, the dropping of trigonometric ratios has by no means seriously affected the accuracy of results. Very 
justifiably, Ganecea has replaced the sine of an angle by a powerful algebraic approximation (due to Bhaskara I of 7^ 


century). Even the other Karana texts, using the sine table, generally give the values of sines of angles only in intervals 


of 15° or 3? . Therefore, their sine-values for intermediate angles, by linear interpolation, are only approximate. 


(ii) Phase of the Moon 


From the newmoon to the fullmoon, the phase of the Moon increases, given by 
_ (1+cosd) 
_ RUM 
where dis the elongation SME of the earth (E ) from the Sun (S) as seen from the Moon (M ). In fact, we have 
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"E 
жЕ 8 „дь 


d — 180? — £ ,sothat 
(1— cos £) 
2 
where Е is the elongation of the Moon from the Sun as seen from the earth. Оп a new moon day, Е = 0° so that 


the phase of the Moon is zero. On a fullmoon day, Е = 180° so that the phase of the Moon is one. 


phase — 


In Indian astronomy, the phase of the Moon is measured by the width of the illuminated part of the Moon 
which is called sita (or аа). The width of the unilluminated part, equal to the difference between the Moon's 
diameter and the sita is called asita. In fact, 

(M — S)x(Moon's ang.diameter) 
180 
where M and S denote the celestial longitudes of the Moon and the Sun respectively in degrees. 


sita — 


р 1 
Сапё&а Daivajíia gives the formula 5$7@ = ( a du aEgulas. 


where T is the number of tithis elapsed in the bright fortnight (aula pakca) and the Moon's diameter is taken as 
12 angulas. Of course, this formula is approximate and a similar formula is given by Brahmagupta. 


(iii) Rationale for four sides to form trapezium 

Bháskara II investigates the possibility of four sides forming a trapezium. He gives the condition: "in a 
trapezium the sum of the other flank side and the face is smaller than the sum of the smaller flank side and the base." 
(Lilévat?, 185) 

Ganēśa Daivajiia has provided a rationale for this statement of Bháskara II. 
(iv) Proof of the Sulva theorem (Pythagoras theorem) 


Gane$a Daivajiia in his Buddhivilásini commentary on the Lîlâvatî provides of fully geometrical proof for 
the geometric-algebraic rationale provided by Bháskara II for the so-called Pythagoras theorem on a right-angled 
triangle. 

Let ABC be a triangle right-angled at A (see Fig). Let AD be the perpendicular to BC. Then the triangles 
ADB, CDA and CAB (the vertices are in the order of correspondence of equal angles) are similar. Therefore, 
from triangles ADB and CAB, we have 


AB = BD BD- AB 2 1 А 
BC АВ Or = вс ...(1) A 
Similarly, from triangles CDA and CAB, 
AC? 
DOZ 
BC ...(2) 
From (1) and (2), we get 
2 2 
BDX DESC гг с ы B с 
BC 
BC? = AB? + АС? Proof of the Sulva theorem 
T———————————————————————————————————————————————M————————————— 
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І 


(v) Construction of rational quadrilaterals 


GaneSa Daivajfia, commenting on the method of Brahmagupta to obtain a quadrilateral with rational 


sides, says that four rational right-angled triangles (jâtyas) are to be formed out of two basic rational right 
triangles as follows: 


If m? — n?, 2mn, m^ +n? and p? - q?, 2pq, p? « q? 
are the sides of two rational right triangles, then according to GaGecea, the following are the triangles out of which 
the quadrilaterals are built up: 

(i) (m — n*)(p* - q^), 2mn(p? - q^), (p^ - a? m + л?) 

(ii) (m^ — п°)(2р9), 4mnpq, 2pq(m! + п?) 

(iii) (0° — g?)(m —n*), 2pq(m* — n^), (р? + 9)(т? - п?) 

(iv) (p? - g?)2mn, 4pqmn, (р? + 9)(2тп) 


However, T.A.Sarasvati Amma points outs that this is a further improved procedure by Gane$a. 
(vi) Evaluation of л 


Aryabhata (b. 476 A.D.) has given the value of 7 as 


and he points out that this value is approximate (Gsanna). 
Bháskara П also gives the value 


NEG С ad) —395 31415929 
1250 113 


the former value being the same as the one given by Aryabhama (obtained by removing the common factor 16 in 
the ratio). 

The mode of arriving at this value of [T is by considering the perimeter of a regular polygon inscribed in a circle. The 
ratio of the perimeter of the polygon to the diameter of the circle approximates the constant . Of course, the more 
the sides of the polygon, the better is the approximation. 


GaneSa Daivajiia suggests that the number of sides of the inscribed polygon, starting from 12, is successively 


doubled as 24, 48 until itis 384. The diameter of the circle is taken as 100 units. Then the ratio of the perimeter of 
the 384 sided polygon inscribed in a circle of diameter 100 would give the approximate value of л as 3927/1250. 


Сапеѕа Daivajfia’s commentary, Buddhivilásini on the Lîlâvatî is an extremely useful text to understand 
the rationales for the formulae and methods used by Bháskara II and his predecessors. 


4. Some important approximations in the Grahalághavam 


(1) Mandaphala of Ravi 
The usual formula, according to the traditional texts: 


Mandaphala of Ravi Em 
r 
where m = manda anomaly of the sun, а= 14°, paridhi of the sun's epicycle and R = 360? paridhi of Kaksa 
"Vrtta 
LLLI 
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Gane$a Daivajna’s formula: 


[20 Ў zea BMK 


Mandaphala of the sun = сл Wk 
57-|(20- 25") 9 P 


where BMK = Bhuja of Mandakendra. This formula is derivable from | 
áripati Bhamma's (1039 AD)expression: i 


doh kotibhagarahitabhihitah khanagacandrastadi yacaranonaSararkadigbhih 
te vyasakhandagunita vihrtah phalantu jyabhirvinapi bhanato bhurakotij i ve|| 


i.e., Mandakendra jyà —  (180-MK)MK x120 _ 


10125 – 080-0 MK 
(20 3 mK) MK x 480 
NEWEST. = 
500 — (20 » VE MSS 
9 9 
(taking the l.c.m and multiplying Nr. & Dr. 9 x 9) 
125 
Now, the parama manda phalam of the sun — 57 
- Mandaphalaofthesun _ 125 MK ууа 


x 
57 120 


Thisresults in the above formula. 


(2 )15°_ 125 
Let R 


T 57 
21x125 
E exXEZ E (taking К = 360) 


= 13°.7789115 (taking x = 3.1416) 
Note: Based on the modern value of the eccentricity of the earth’s orbit, a lies between 1 1?.807$ 
1253128 


(2) Gatiphalam of the sun (True Motion of the Sun) 


( Ar кот кат 
E 20 ) 20 


Ravi gati phalam 13 20) 
Consider the ratio of trijyas of the B/had-jya and Laghujya 


_ 3438 382x9 13x9 


———— = -—— 


120 120. 2x2 
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esaet 


90 190 
А ( 1 25 
Now, paramakoti= 90? ; we get taking koti = 90°: 


the parama gati phalam= И from (1). 


koti \ koti | 9 koti \ koti 

оа 29 

2. Ravi gati phalam = 9 4; 20 } 20 
lox 13 


Example: For MK = 434618" , koti = 90? — (43°46'18") 


i.e., Koti = 4691342" . 
1. Ravi gati phalam, An =1'32"41'"(-ve) from (1) 


i b AM 
An = —— cos M| —— 
Modern миь R | At ) 
cos(43?46'18")(59'08") — _4 39"54"' 
360 ( X ) --139'54". 
Comparing the Grahalaghavam value for the Ravi gati phalam (An) ith the one obtained from the 


NEA 


trigonometry-based formula, we observe that the difference is just about 7" . 


(3) Gatiphalam [i.e. True Daily Motion] of the Moon 
koti | koti 2 
a 


Candra gati phalam = I 20 ) 20 
Consider the ratio of trijyas of the Brhad-jyà and Laghujya 


2242077 420 - 2x2 


- [22-99 (44.99. (,, 9090 
-( 2 р =(1 5)5 =|11 20 x) 


273 
Now, paramakoti = 90° ; we get the paramagatiphalam = = from (1). 


By proportion, 
(ric 
20 / 20 | 4 
Candra gati phalam = 9 
рахт 


koti \ koti 2 
"(и 5) 2+2) 
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Example: Candra's Mandakedra = 3/25912'47" = M 
(Manda anomaly) MK = 11591217" 
^. Bhuja of MK = (180° - MK) = 64^47'43" 
Коп of MK = 90°- Bhuja= 25*1247* 
(1) Candra gati phalam (from GL formula) = 28'38"2'" 


b dM dA 
(ii) Modem formula: АЛ = “р M E z E = 28/44'46" 


where b = 31°, R = 360? 
In the case of the moon, the difference between the values of An (i.e., the correction to the mean daily 
motion to get the true one) according to GL and the trigonometry-based expression is just about 7" which is 


negligible. 
5. Lunar eclipse computation 


In ancient and medieval astronomical texts (siddhdntas, tantras and karanas) great importance is given to the 


phenomenon and computation of eclipses (grahana, uparaga). The Indian astronomers used to put to test their 


theories and computations in respect of positions ofthe heavenly bodies — especially the sun and the moon -on the 
occasions ofthe eclipses. As and when disagreements occurred between the observed and the computed positions, 
the great savants of Indian astronomy revised their parameters and when necessary even the computational procedures. 
Improving the computations of eclipses — based on sustained observations over long periods of time — was an 
important target of siddhantic astronomers. 


While the geometrical configurations and mathematical procedures for computations of eclipses presented 
by the traditional Indian astronomers are quite sound, the relevant parameters, overa period of centuries, need to be 
upgraded periodically. 


Despite the approximations introduced in GL, doing away with trigonometric ratios, the predictions of 
eclipses are fairly reliable on account of improved and updated values of the related parameters. 


The procedure, as described in GL, is presented briefly in what follows. Based on Ganesa's procedure we 
have written a computer program and the same is demonstrated with an example, ofa lunar eclipse of his time. 
@) Sun'sangular diameter (ravi bimbam), 
SDIA = (SDM - 55)/5 + 10 angulas 
where SDM is the sun's true daily motion in minutes of arc (kalas). 
(0) Moon's angular diameter (candra bimbam) 
MDIA = MDM/74 angulas 
where MDM is the moon's true daily motion in minutes ofarc (kalas). 
(ii) Angular diameter of the earth’s shadow (bhiicchaya bimbam). 
SHDIA = [3(MDIA)/11+3(MDIA}-8] aEgulas 
Note: 1 aEgula = 3 kalās a” 3' 
(iv) Latitude of them oon (candra Sara) 
MLAT (ага) = 11(M-RY7 | 
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where M and R respectively the true longitudes of the Moon and Каһи (the ascending node of 
the moon) and (M — R) considered here is the bhuja (not exceeding 90? ) of the difference. 
Note: If (M — К), is in Ш quad. then the argument, 

bhuja = (M – К) - 180°; 
If (M — В) is in IV quadrant, the bhuja = 360° — (M — К). On the other hand, if (M — К) is in П 


quadrant, the bhuja = 180° — (M — R). 
Remark: The approximate formula follows from 
120sin 0 « 720/35 sod (dl) 
when Ө is small, as given by GaGeSa (see GL, Prasnadhikara, 22). 
According to the traditional texts the moon's latitude (Sara) is given by 


72 


В = 270'sin(M - R) = 270 х ———— 
120x35 


(M - R) кааз. 


162 
=——(M-R) kala 
p 35 | ) kalas. 


Dividing the above result by 3, we get 
54 11 
z—(M-R)« —(M-R 
p 35^ ) 7 ( ) angulas. 


The approximations in this case are justified since under the possible circumstances of an eclipse the 
argument (M—R) is indeed small. 


(v) The amount of obscured portion of the full-moon, 


+ 1 
Grasa — 2 [chadaka dia. + chadya dia] — $ara 


where chadaka and chadya are the eclipsing and the eclipsed bodies. The formula is common 


to both the lunar and solar eclipses. In the case ofa lunar eclipse, the moon is the chadya and 
the earth's shadow is chadaka. 


1 
(vi) _ Manaikya khanda = 2 [chadaka dia. + chadya dia.] 


so that we have Grasa = Manaikya khanda — Sara 


Therefore, 
(a if Manaikya khanda < sara (i.e. Grasa « 0), there will be no eclipse. 
(b  IfGrasa» Chadya dia, then the eclipse is total (Khagrasa grahana). 
In that case, Khagrasa = Grasa — Chadya diameter 

(vii) Halfduration ofthe eclipse and totality: 


(a) In Gane$a simplified procedure, 


Let X= | A(SHDIA+ MDIA) +3 ara 0s grasa 


Then, the half-duration of the eclipse, 
HDUR= (x - x /6) /MDIA =5x/6 (MDIA) gh. 
(where gh. = ghamikas; 60 ghamikas = 1 day; 1gh=24 minutes). 


E 
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(b) Similarly 
let X = E (SHDIA + МОЈА) +5 ara х10х khagrāsa 
Then, the half-duration of totality, 
THDUR = [y — y/6]/MDIA = (Sy / 6) (MDIA) gh. 
(viii) ^ First and second halves of ecli pses and totality: 


The difference (true Sun - Rahu), called vyagu, at the instant of opposition is considered and its bhuja is 
determined. The product 2 x bhuja in degrees is put in two places as palas (i.e. vighfis). 


(1) If the vyagu is in an even quadrant then (2 x bhuja) in palas is subtracted from and added to the 
madhya sthiti (i.e., mean half-duration HDUR in gh. obtained earlier), respectively, to get the corrected first 
and second half-durations (called sparsa sthiti and moksa sthiti ). 


(2) If the vyagu is in an odd quadrant, then 2 x (bhuja) in palas is added to and subtracted from the 
madhya sthiti in gh., respectively, to get the corrected sparsa and moksa half-durations. 


Similar operations are carried out to get the first and the second half-durations of totality by considering 


the marda duration THDUR instead of the sthiti. 


Example 


The lunar eclipse of May 2, 1520 A.D. (Julian), Wednesday, is considered. This date falls in the epochal 
year of GL and is taken from the Epigraphia Indica (see Vol. p.237). The example is worked out using a computer 
program designed by us. 


Grahalaghavam : Position of Sun, Moon and Rahu 


Date: : Year:1520 | Month: 5 Date : 2 
Time (after sunrise) : Hour 5: 0 Міпѕ:0 
Name of Place : Ujjayini 

Longitude (-ve for west) : Deg. :75 Min:45 
Latitude (-ve for south) : Deg. :23 Min: 11 
Week Day : Wednesday 

Cakras : 0 

Ahargana : 44 Epoch : 19-3-1520 J] 
True Sun : 35?35'23* 

True Moon $ : 205?56'7" 

Rahu : 25°18'4" 


Grahalaghavam : Lunar Eclipse 


Time of opposition aftermidnight(MT) :  24*21"37' 
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True Sun at Oppn. : 35?19'22" 


True Moon at Oppn. Ў 215°19'22" 
Node (Rahu) at Oppn. 25°15'39" 
Moon’s diameter (in angulas) : 9.949405 
Shadow’s diameter (in angulas) ч 24.56169 

Eclipse is Possible 
(Northern) sara (in aEgulas) : 15.81192 
Grasa (in aEgulas) : 1.443631 

Lunar Eclipse Partial 
Madhya stihiti (in gh.) : 1.829996 
$раг$а sthiti (in gh.) : 2.165401 
Mokca sthiti (in gh.) : 1.494592 
Summary of Lunar Eclipse L.M.T. 

h m $ 
Sparsa (Beginning) time : 23 29 39 
Madhya (Middle) of Eclipse  : 24 21 37 
Mokca (Ending) Time У 24 57 29 
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ус яе 


т МШШ КЕШ. 


Amaranthine flower in the math world sapling 


(Srinivasa Ramanujan) 
G.Suresh Babu* 
Come on friends, 
let us peep through the past for a while in TIME MACHINE .... 


2010...2000...1980...1960...1940...1920....1900...1896 


Asia. ..India....Tamilanadu.....Erode 
It is a school in a remote village where mathematics class is going on. Let us observe few instances.. 


1. The teacher is explaining that when a number is divided by itself, the outcome is 1. does it make you to ask 
the question, “Is it true when the number is zero?" Not only did a lean 9 years old boy among the class raise it, 


but also found the answer. 
Take for instance 45/5=9. This is true because 9x5=45. Now consider 0/0 


since Ox any number is 0, 0/0 gives any number. In other words, 0/0 cannot give a unique answer as in divisions 
with non zero number divisor. 


So 0/0 should be indeterminate. 


This is what the 9 years boy did. He was confident enough to raise it and explain it in the class to the wonder of 
his classmates and his teacher. His teacher did not know it as it was not in the syllabus and the textbook and no 


such question had ever been asked at that level. 


2. The teacher is teaching square and square root. You are able to understand that 93? and 3= J9 . Does it 
stir your imagination and set you on a voyage of pattern finding? 


See what that lean boy did . He writes 


3-2 (12-8) 

3= (1+ (2x4}) 

3=,/(1+{2x 4/16) ) 

з= ofS) 

з= (1+ (2х [1+ 3х5]}) and so on. 


He stops when he seized of and hence thrilled by an emerging pattern. 


1, 2x4, 3x5, 3, 4x6, 4, 5x7 and so on. At once he jots down a new mathematical clothing for 3. 


З= 1 *24/1 +3 41 +41 5. +еїс. He baffles others by rubbing 3 off and posing the problem: 


Evaluate the *net of square roots." 


Next day... 
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3. The same maths teacher is demonstrating the repeated multiplication of the same number and the laws of 


exponents or indices. he is teaching them prime factorization involving use of exponents. 
You learn to write 


Hee OK X2XGx3z2x3 

Does it make you look for and devise a pattern? See what that lean boy does: 
First he takes (22) x (6 exp 6). From this he gets 33 x 33 x 4 exp 4 and writes 
22 x 6 ехрб = Зх 3? x4 exp 4 

His aesthetic sense drives him to develop it to have a beautiful sequence. 


(1 exp 1) x (1 exp 1) x (2 exp 2) x (6 exp 6) = (3 exp 3) x (3 exp 3) x (4 exp 4) 


what is the beauty in this? Can you discover it and make your own examples? Find the sums of the bases on either 
side of the equality sign. Are they not equal? Next find the sums of the exponents on either side. Of course they are 
equal as the bases and their exponents on either side. Of course they are equal as the bases and their exponents are 
the same in each case. But the bases and their powers on one side of the equality are different from those on the 
other side and yet the products are equal. 

He gets immense delight and finds himself reeling off many more such beautiful equalities and recording them in his 
notebooks which are today world famous. 


4. the teacher is talking about prime numbers. A prime number has two and only two distinct factors, 1 and the 
number itself. This gives a test to find if a number is prime. 

If a number has two and only two distinct divisors, the number is prime. All this you understand and feel comfortable 
about. Does it make you eager to play with prime numbers? 

See, the lean boy takes sets of consecutive primes and tries to find an equality among them-an exercise in pure 
intuition. No formula can help you here. He succeeds and jots down his findings in his notebooks. 

Taking 2, 3, 5 and 7, a four element set of consecutive prime numbers, 

he writes 3 +7 = 2.5 (dot means times) Next he takes 2, 3, 5, 7 and 11, a five element set of consecutive prime 
numbers and discovers an equality among them. 2.5 + 11 23.7 and so on. Can you add your own? 


Think... Think.... Think ...Think.....1896..to...present 


What did you infer from this? The first thing is that the 9 year old lean boy is none other than Srinivasa Ramanujan 
Iyengar who popularly known as srinivasa ramanujan was the strangest man in all of mathematics, probably 
in the entire history of science. He has been compared to a bursting supernova, illuminating the darkest, most 
profound corners of mathematics. 


Numerologically speaking, the name itself derives the magic number 9 
Which is sum of all alphabetical digits (A=1,B=2...Y=25,Z=26) 
The number nine is a most remarkable number in many respects. It is held in great reverence by all who practice the 
occult sciences and spiritual fields . 
Not only that, in mathematical science it possesses properties and powers which are found in no other number. 


Spiritually speaking the total number of condos in the holy Bhagvadgeetha and the Mahabharatha is 18 
(1+8=9) 

The number of days that battle took place in Mahabharatha is 18 

Lord Sri Rama was born on the 9" day as per Ramayana. 
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the sum of the digits which form its multiples are themselves always a multiple of nine; e.g., 2 x 9= 18 
(and 1+8=9); 3 x 9= 27 (and 2+7=9); 4 x 9 = 36 (and 3+6=9); 5 x 9 = 45 (and 4+5=9), etc., etc.; and so with 
the larger numbers: 52843 x 9 2 475587 (and 4+7+5+5+8+7=36, and 3+6=9). (2) 


The sum of its multiples through the nine digits = 405, or 9 times 45. 
It is the last of the digits, and thus marks the end; and is significant of the conclusion of a matter. 

It is akin to the number six, six being the sum of its factors (3x3=9, and 3+3=6), and is thus significant of 
the end of man, and the summation of all man's works. Nine is, therefore, 
THE NUMBER OF FINALITY OR JUDGMENT, 
for judgment is committed unto Jesus as “the Son of man" (John 5:27; Acts 17:31). It marks the completeness, 
the end and issue of all things as to man—the judgment of man and all his works. 
Itis a factor of 666, which is 9 times 74. 
The gematria of the word **Dan," which means a judge, is 54 (9x6). 
“th orgh mou” (тее orgee mou), my wrath, = 999 (Heb 3:11). 
The solemn amhn (ameen), amen, or “verily,” of our Lord, amounts also to 99, summing up and ending His 
words. The sum of the 22 letters of the Hebrew alphabet is 4995 (5x999). It is stamped, therefore. with the 
numbers of grace and finality. 


Srinivasa Ramanujan Iyengar (best known as Srinivasa Ramanujan) was born on December 22, 1887,in 
Erode about 400 km from Chennai, formerly known as Madras where his mother's parents lived. 
After one year he was brought to his father's town, Kumbakonam. His parents were К. Srinivasa Iyengar and 
Komalatammal. He passed his primary examination in 1897, scoring first in the district and then he joined the Town 
High School. In 1904 he entered Kumbakonam's Government College as F.A. student. He was awarded a scholarship. 
However, after school, Ramanujan's total concentration was focused on mathematics. The result was that his formal 
education did not continue for long. He first failed in Kumbakonam's Government College. He tried once again in 
Madras from Pachaiyappa's College but he failed again. 


During schooling, he came across a book entitled A Synopsis of Elementary Results in Pure and 
Applied Mathematics by George Shoobridge Carr. The title of the book does not reflect its contents. It was a 
compilation of about 5000 equations in algebra, calculus, trigonometry and analytical geometry with abridged 
demonstrations of the propositions. Carr had compressed a huge mass of mathematics that was known in the late 
nineteenth century within two volumes. Ramanujan had the first one. It was certainly not a classic. But it had its 
positive features. According to Kanigel, “опе strength of Carr's book was a movement, a flow to the formulas 
seemingly laid down one after another in artless profusion that gave the book a sly seductive logic of its own." This 
book had a great influence on Ramanujan's career. However, the book itself was not very great. Thus Hardy wrote 
about the book: “He (Carr) is now completely forgotten, even in his college, except in so far as Ramanujan kept his 
name alive". He further continued, “The book is not in any sense a great one, but Ramanujan made it famous and 
there is no doubt it influenced him (Ramanujan) profoundly”. We do not know how exactly Carr's book influenced 
Ramanujan but it certainly gave him a direction. ‘It had ignited a burst of fiercely single-minded intellectual activity". 
Carr did not provide elaborate demonstration or step by step proofs. He simply gave some hints to proceed in the 
right way. Ramanujan took it upon himself to solve all the problems in Carr’s Synopsis. And as E. H. Neville, an 
English mathematician, wrote : “In proving one formula, as he worked through Carr’s synopsis, he discovered many 
others, and he began the practice of compiling a notebook.” Between 1903 and 1914 he had three notebooks. 


While Ramanujan made up his mind to pursue mathematics forgetting everything else but then he had to 
work under extreme hardship. He could not even buy enough paper to record the proofs of his results. Once he said 
to one of his friends, “when food is problem, how can I find money for paper? I may require four reams of paper 
every month.” In fact Ramanujan was in a very precarious situation. He had lost his scholarship. He had failed in 
examination. What is more, he failed to prove a good tutor in the subject which he loved most. At this juncture, 
Ramanujan was helped by R. Ramachandra Rao, then Collector of Nellore.Ramchandra Rao was educated at 
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Madras Presidency College and had joined the Provincial Civil Service in 1890. He also served as Secretary of the 
Indian Mathematical Society and even contributed solution to problem posed in its Journal. The Indian Mathematical 
Society was founded by V.Ramaswami Iyer, a middle-level Government servant, in 1906. Its Journal put Ramanujan 
on the world's mathematical map. Ramaswami Iyer met Ramanujan sometime late in 1910. Ramaswami Iyer gave 
Ramanujan notes of introduction to his mathematical friends in Chennai (then Madras). One of them was Р.У. Seshu 
lyer, who earlier taught Ramanujan at the Government College. For a shortperiod (14 months) Ramanujan worked 
as clerk in the Madras Port Trust which he joined on March 1,1912. This job he got with the help of S. Narayana 
lyer. Ramanujan's name will always be linked to Godfrey Harold Hardy, a British mathematician. It is not because 
Ramanujan worked with Hardy at Cambridge but it was Hardy who made it possible for Ramanujan to go to 
Cambridge. Hardy, widely recognised as the leading mathematician of his time, championed pure mathematics and 
had no interest in applied aspects. He discovered one of the fundamental results in population genetics which 
explains the properties of dominant, and recessive genes in large mixed population, but he regarded the work as 
unimportant. 


Encouraged by his well-wishers, Ramanujan, then 25 years old and had no formal education, wrote a letter 
to Hardy on January 16, 1913. The letter ran into eleven pages and it was filled with theorems in divergent series. 
Ramanujan did not send proofs for his theorems. He requested Hardy for his advice and to help getting his results 
published. Ramanujan wrote : “I beg to introduce myself to you as a clerk in the Accounts Department of the Port 
Trust Office at Madras on a salary of only £ 20 per annum. I have had no university education but I have undergone 
the ordinary school course. After leaving school I have been employing the spare time at my disposal to work at 
mathematics. I have not trodden through the conventional regular course which is followed in a university course, but 
I am striking out a new path for myself. I have made a special investigation of divergent series in general and the 
results I get are termed by the local mathematicians as “startling”... I would request you to go through the enclosed 
papers. Being poor, if you are convinced that there is anything of value I would like to have my theorems published. 
I have not given the actual investigations nor the expressions that I get but I have indicated the lines on which I 
proceed. Being inexperienced I would very highly value any advice you give me “. The letter has become an 
important historical document. In fact, *this letter is one of the most important and exciting mathematical 
letters ever written’. At the first glance Hardy was not impressed with the contents of the letter. So Hardy left it 
aside and got himself engaged in his daily routine work. But then he could not forget about it. In the evening Hardy 
again started examining the theorems sent by Ramanujan. He also requested his colleague and a distinguished 
mathematician, John Edensor Littlewood (1885-1977) to come and examine the theorems. After examining closely 
they realized the importance of Ramanujan's work. As C.P. Snow recounted, ‘before mid-night they knew and 
knew for certain’ that the writer of the manuscripts was a man of genius’. Everyone in Cambridge concerned 
with mathematics came to know about the letter. 


Many of them thought ‘at least another Jacobi in making had been found out’. Bertrand Arthur William 

Russell (1872-1970) wrote to Lady Ottoline Morell. “I found Hardy and Littlewood in a state of wild excitement 

because they believe, they have discovered a second Newton, a Hindu Clerk in Madras ... He wrote to Hardy 

telling of some results he has got, which Hardy thinks quite wonderful." Fortunately for Ramanujan, Hardy realised 

that the letter was the work of a genius. In the next three months Ramanujan received another three letters from 

Hardy. However, in the beginning Hardy responded cautiously. He wrote on 8 February 1913. To quote from the 

letter. “I was exceedingly interested by your letter and by the theorems which you state. You will however understand 

that, before I can judge properly of the value of what you have done it is essential that I should see proofs of some 

of your assertions ... I hope very much that you will send me as quickly as possible at any rate a few of your proofs, 
and follow this more at your leisure by more detailed account of your work on primer and divergent series. It seems 
to me quite likely that you have done a good deal of work worth publication; and if you can produce satisfactory 
demonstration 1 should be very glad to do what I can to secure it” . In the meantime Hardy started taking steps for 
bringing Ramanujan to England. He contacted the Indian Office in London to this effect. Ramanujan was awarded 
the first research scholarship by the Madras University. This was possible by the recommendation of Gilbert 
Walker, then Head of the Indian Meteorological Department in Simla. Gilbert was not a pure mathematician but he 
was a former Fellow and mathematical lecturer at Trinity College, Cambridge. Walker, who was prevailed upon by 
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Francis Spring to look through Ramanujan's notebooks wrote to the Registrar of the Madras University : “The 
character of the work that I saw impressed me as comparable in originality with that of a Mathematical Fellow in a 
Cambridge College; it appears to lack, however, as might be expected in the circumstances, the completeness and 
precision necessary before the universal validity of the results could be accepted. I have not specialized in the 
branches of pure mathematics at which he worked, and could not therefore form a reliable estimate of his abilities, 
which might be of an order to bring him a European reputation. But it was perfectly clear to me that the University 
would be justified in enabling S. Ramanujan for a few years at least to spend the whole of his time on mathematics 
without any anxiety as to his livelihood.” 


Ramanujan was not very eager to travel abroad. In fact he was quite apprehensive. However, many of his 
well-wishers prevailed upon him and finally Ramanujan left Madras by S.S. Navesa on March 17, 1914. Ramanujan 
reached Cambridge on April 18, 1914. When Ramanujan reached England he was fully abreast of the recent 
developments in his field. This was described by J. R. Newman in 1968: “Ramanujan arrived in England abreast and 
often ahead of contemporary mathematical knowledge. Thus, in a lone mighty sweep. he had succeeded in recreating 
in his field, through his own unaided powers, a rich half century of European mathematics. One may doubt whether 
so prodigious a feat had ever been accomplished in the history of thought." Today it is simply futile to speculate 
about what would have happened if Ramanujan had not come in contact with Hardy. It could happen either way. But 
then Hardy should be given due credit for recognizing Ramanujan's originality and helping him to carry out his work. 
Hardy himself was very clear about his role. “Ramanujan was", Hardy wrote, “my discovery. I did not invent him — 
like other great men, he invented himself — but I was the first really competent person who had the chance to see 
some of his work, and I can still remember with satisfaction that I could recognize at once what I treasure I had 
found."It may be noted that before writing to Hardy, Ramanujan had written to two well-known Cambridge 
mathematicians viz., H.F. Baker and E.W. Hobson. But both of them had expressed their inability to help Ramanujan. 


Ramanujan was awarded the B.A. degree in March 1916 for his work on *Highly composite Numbers' 
which was published as a paper in the Journal of the London Mathematical Society. He was the second Indian to 
become a Fellow of the Royal Society in 1918 and he became one of the youngest Fellows in the entire history of the 
Royal Society. He was elected “for his investigation in Elliptic Functions and the Theory of Numbers." On 13 
October 1918 he was the first Indian to be elected a Fellow of Trinity College, Cambridge. Much of Ramanujan's 
mathematics comes under the heading of number theory — a purest realm of mathematics. The number theory is the 
abstract study of the structure of number systems and properties of positive integers. It includes various theorems 
about prime numbers (a prime number is an integer greater than one that has not integral factor). Number theory 
includes analytic number theory, originated by Leonhard Euler (1707-89); geometric theory - which uses such 
geometrical methods of analysis as Cartesian co-ordinates, vectors and matrices; and probabilistic number theory 
based on probability theory. What Ramanujan did will be fully understood by a very few. In this connection it is 
worthwhile to note what Hardy had to say of the work of pure mathematicians: “What we do may be small, but it has 
certain character of permanence and to have produced anything of the slightest permanent interest, whether it be a 
copy of verses or a geometrical theorem, is to have done something beyond the powers of the vast majority of men." 
In spite of abstract nature of his work Ramanujan is widely known. 


Ramanujan was a mathematical genius in his own right on the basis of his work alone. He worked hard like 
any other great mathematician. He had no special, unexplained power. As Hardy, wrote: “I have often been asked 
whether Ramanujan had any special secret; whether his methods differed in kind from those of other mathematicians; 
whether there was anything really abnormal in his mode of thought. I cannot answer these questions with any 
confidence or conviction; but I do not believe it. My belief that all mathematicians think, at bottom, in the same kind 
of way, and that Ramanujan was no exception." Of course, as Hardy observed Ramanujan "combined a power of 
generalization, a feeling for form and a capacity for rapid modification of his hypotheses, that were often really 
startling, and made him, in his peculiar field, without a rival in his day. 


сж рр C eee a a 
I-SERVE* on the occasion of International Congress of Mathematicians 2010* 163 


CC-0. Gurukul Kangri Collection, Haridwar. An eGangotri Initiative 


аә 


ee 


Here we do not attempt to describe what Ramanujan achieved. But let us note what Hardy had to say about 
the importance of Ramanujan's work. "Opinions may differ as to the importance of Ramanujan's work, the kind of 
standard by which it should be judged and the influence which it is likely to have on the mathematics of the future. It 
has not the simplicity and the inevitableness of the greatest work; it would be greater if it were less strange. One gift 
itshows which no one will deny—profound and invincible originality." 


The Norwegian mathematician Atle Selberg, one of the great number theorists of this century wrote : 
"Ramanujan's recognition of the multiplicative properties of the coefficients of modular forms that we now refer to as 
cusp forms and his conjectures formulated in this connection and their later generalization, have come to play a more 
central role in the mathematics of today, serving as a kind of focus for the attention of quite a large group of the best 
mathematicians of our time. 


Other discoveries like the mock-theta functions are only in the very early stages of being understood 
and no one can yet assess their real importance. So the final verdict is certainly not in, and it may not be in for a long 
time, but the estimates of Ramanujan's nature in mathematics certainly have been growing over the years. There is 
doubt no about that."Often people tend to speculate what Ramanujan would have achieved if he had not died or if 
his exceptional qualities were recognized at the very beginning. There are many instances of such untimely death of 
gifted persons, or rejection of gifted persons by the society or the rigid educational system. In mathematics we may 
cite the cases of Niels Henrik Abel (1809-29) and Evarista Galois (1811-32). Abel solved one of the great 
mathematical problems of his day - finding a general solution for a class equations called quintiles. Abel solved the 
problem by proving that such a solution was impossible. Galois pioneered the branch of modern mathematics 
known as group theory. 


Whatis important is that we should recognize the greatness of such people and take inspiration from their 
work. Even after more than 80 years of the death of Ramanujan the situation is not very different as far the rigidity of 
the education system. Today also a ‘Ramanujan’ is not likely to get a chance to pursue his career. This situation 
remains very much similar as described by JBS Haldane (1982-1964), a British born geneticist and philosopher 
who spent last part of his life in India. Haldane said : “Today in India Ramanujan could not get even a lectureship in 
arural college because he had no degree. Much less could he get a post through the Union Public Service Commission. 
This fact is a disgrace to India. I am aware that he was offered a chair in India after becoming a Fellow of the Royal . 
Society. But it is scandalous that India's great men should have to wait for foreign recognition. If Ramanujan's 
work had been recognised in India as early it was in England, he might never have emigrated and might be alive 
today. We can cast the blame for Ramanujan's non-recognition on the British Raj. We cannot do so when similar 
cases occur today. 


Ramanujan's brief life and death are symbolic of conditions in India. Of our millions how few get any 
education at all; how many live on the verge of starvation. 


әз, Jawaharlal Nehru in his Discovery of India 


This statement is very much valid even today. And for these very reasons the story of Ramanujan should be told and 
retold to our younger people particularly to those who aspire to do something extraordinary but feel dejected under 
the prevailing circumstances. And in this connection it is worthwhile to remember what Chandrasekhar had to say: 
“J can recall the gladness I felt at the assurance that one brought up under circumstances similar to my own could 
have achieved what I could not grasp. The fact that Ramanujan's early years were spent in a scientifically sterile 
atmosphere, that his life in India was not without hardships that under circumstances that appeared to most Indians 
as nothing short of miraculous, he had gone to Cambridge, supported by eminent mathematicians, and had returned 
to India with very assurance that he would be considered, in time as one of the most original mathematicians of the 
century — these facts were enough, more than enough, for aspiring young Indian students to break their bands of 
intellectual confinement and perhaps soar the way what Ramanujan had. “ As someone has written “Ramanujan did 
mathematics for its own sake, for thrill that he got in seeing and discovering unusual relationships between various 
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mathematical objects." Today Ramanujan's work has some applications in particle physics or in the calculation of pi 
up toa very large number of decimal places. His work on Rieman's Zeta Function has been applied to the pyrometry, 
the investigations of the temperature of furnaces. His work on the Partition Numbers resulted in two applications — 
new fuels and fabrics like nylons. But then highlighting the importance of the application side Ramanujan's work is 
really not very important. 


It is on April 26, 1920 the the Amaranthine flower was out of the branch of the maths sapling leaving its 
fragrance for ever to us. Alas! Ramanujan died of tuberculosis in Kumbakonam. He was only 32 years old. "It was 
always maths ... Four days before he died he was scribbling,” said Janaki, his wife. The untimely death of Ramanujan 
was most unfortunate particularly so when we take into account the circumstances under which he died. As Times 
Magazine rightly wrote: “There is something peculiarly sad in the spectacle of genius dying young, dying with the first 
sweets of recognition and success tasted, but before the full recognition of powers that lie within.” The only Ramanujan 
Museum in the country, founded by Shri P. K. Srinivasan, a mathematics teacher, operates from March 1993 in the 
Avvai Academy, Royapuram, Madras. The achievement of Ramanujan was so great that those who can really grasp 
the work of Ramanujan ‘may doubt that so prodigious a feat had ever been accomplished in the history of thought’. 
I will stop here with the quotation by GH. Hardy: “Archimedes will be remembered when Aeschylus is forgotten, 
because languages die and mathematical ideas do not. Immortality’ may be a silly word, but probably a mathematician 
has the best chance of whatever it may mean.” 
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H.H. Swami Bharati Krishna Tirthaji 
VEDIC MATHEMATICS : HIS GIFT TO THE WORLD 
Dr. N. K. Soni* 


The richness of cultural tradition of a country or a race leans heavily upon the development of science and 
technology in the country and this development depends upon the treasure of mathematical knowledge and its 
application in various spheres of public and personal life. 


When we think about the contribution of India towards the world particularly regarding mathematics we 
notice that the natural numbers which the world know today are the boon of the Indian sages. The striking fact to 
note here is that the Hindu genius gave its perfection at the very beginning. 


This heritage was maintained or rather given thrust by H.H. Swami Bhartikrishna Thirtha Ji. The purpose of 
this paper writing is to give a brief life sketch of Swamiji and his one of the gifts to the world known as ‘Vedic 
Mathematics’. Certainly it is impossible for an ordinary person like me to say something about Swamiji in few words 
or sentences even though I am doing this job hesitatingly. 


Swami Bhartikrishna Tirtha Ji was the Shankaracharya of the Govardhan Math, Jaganath Puri as well as 
Dwarka Gujrat. Swami Ji was born in 1884 and shed his mortal frame on 2™ Feb. 1960. His family background 
was very rich. His father P. Narsimha Shastri was then in service as a Tehsildar at Ti nnivelly (Madras). His uncle Shri 
Chandra Shekhar Shastri was principal of Maharaja's College Vizianagaram, grandfather C. Ranganathan Shastri 
was Justice of Madrass High Court. 


Swamiji named as Venkatraman in his early days was an exceptionally brilliant student and proved the same 
by excelling in every subject/Stream throughout his educational career. He passed his matriculation examination 
from the Madras University in January 1899 and topped the list with vibrant colors. He was extraordinary proficient 
in Sanskrit and oratory and on account of this he was awarded with the title ‘Saraswati’ by the Madras Sanskrit 
Association in July, 1899. At the young age of twenty one he passed M.A. in seven subjects including Science, 
Mathematics, English, History, Philosophy simultaneous by securing the highest honours in all. 


When he was studying in the university. he used to write articles related to philosophy, sociology, religion 
etc. He was much interested in the latest researches and development in modern science, tempermanently he was 
interested in Adhyatma Vidya. This interest led him to Sringeri Math in Mysore in 1908 to lay himself at the feet of 
the renowned late Jagadguru Shankaracharya Sri Satcidananda Sivabhinava Narsimha Bharti Swami. After devoting 
sufficient time there he assumed the post of principal of National college. For him this assignment was a national duty. 
But his natural spiritual instinct drove him again to Swami Satcidananda at Shringeri in 1911. The next 8 year he 
spent in the profound study of the most advanced Vedanta philosophy and practice of Brahma Sadhana. The 
scholars working in the field used to invite him to deliver lectures at different places like Amelner, Pune , Bombay. 


After most advanced studies, the deepest mediation and the highest-spiritual attainments Prof. Venkatraman 
Saraswati was initiated into the holy order of Samnyas at Varansi (Banaras) by the holiness Jagadguru Shankaracharya 
Sri Trivikram Tirth Ji Maharaj of Sharda Peeth on 4^July 1919. This was also the occasion when he was given the 
new name “Swami Bharti Krishna Tirtha”. 


He prove by his performance for being installed on the pontifical throne of Shardha Peeth Shankaracharya. 
Despite his reluctance and active resistance he was installed as Jagadguru of Shardapeeth with formal ceremonies. 


Jagadguru of Govardhan Peeth was also highly impressed by Swami ji. Due to ill health he requested 
Swami ji to accept the Gadi of Govarhdan Math. Swami ji couldn't afford to deny. In the capacity of Jagad guru he 
continued the spiritual teachings of Sanatan Dharma for almost 4 decades. He was against escapism from duties 
under the grab of spirituality. His great emphasis was on the necessity of harmonizing the spiritual and the material 
spheres of daily life. 
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He was of the view that the progress must be simultaneously of both the individual and society towards 
speedy realization of India's spiritual and cultural ideals.With these ideas in mind he tried to develop a system which 
helps in total construction first of India and through it the world.For this he founded Vishwa Punarnirman Sangha 
(World Reconstruction Association), many prominent figures of the society came together to work for it.But due to 
ill health the Sangh couldn't work effectively. 


For the cause of world peace and to spread the spiritual ideals even out side India Swami ji, for the first time 
went on tour to America in Feb 1958. The tour was sponsored by self realization fellowship of Los Angeles he was 
invited to give talks and mathematical demonstration on the television . Swamiji also gave some lectures in U.K. 
during this tour. He came back to India in may 1958. 


He was having a winning personality, charming innocence, avid thirst for knowledge religious zeal he never 
cared for position. People from all walks of life attracted to him due to Bhakti, his simplicity, impartial behaviour A 
sharp intellect, a retentive memory and keen zest went to mark him as the most distinguished scholar of the time. He 
was also a poet and write a number of poems in Sanskrit.He was quite active throughout his life. After coming from 
the tour of U.S.A. in 1958 his health deteriorated continuously and he took Samadhi in 1960. 


Swami ji Discovered Vedic Mathematics 


Swamiji, who was an accomplished Vedic scholar wrote 16 volumes on Vedic mathematics, comprehensively 
in all branches of mathematics. But it is learnt that all the volumes were lost mysteriously. Despite his poor health and 
weak eyesight Swamiji with his untiring capacity, strong will and determination wrote a comprehensive book on 
Vedic mathematics. 


The terms Vedic mathematics refer to a set of 16 sutras and 13 upsutras. This speaks for its coherence and 
simplicity in handling mathematical problems. The sutras not only develop aptitude and ability but also nurture and 
develop logical thinking and intelligence and encourage innovativeness. While doing arithmatical calculation we deal 
with numbers 0 to 9. Each of these has got peculiar properties and ways of behavior. If they are closely observed, 
we can have ‘novum’ methods of doing calculation. 


Vedic mathematics has got both these advantages. It is a good means of performing calculation mentally, it 
also keeps before us more than one way of doing particular calculation. This thing is possible because Vedic maths 
looks at numbers from different angles. When 89 is looked at as 89 it has some properties. But as soon as we look 
at it as go 90-1 (9]) we have altogether new world opened up for calculation. One more feature of it is that most of 
the time it looks for patterns of numbers instead of individual digits. Instead of treating 997 as any three digit number 
it looks at the whole number and recognizes it as a number near a base. Once this property is recognized, easier 
methods of multiplication, division etc. can be adopted. 


Also in this approach we find that in Vedic Mathematics instead of emphasing on individual digit, attention 
is laid on interrelation of digits, multiplication and recurring decimals are examples of this feature. 


Also it is equally important to observe that after sufficient practice this develops into outlook which is 
becoming more and more desirable these days. Our fragmented approach towards everything has created all sorts 
of problems. Through Vedic maths we can develop a holistic approach we can start looking at the interrelatedness 
of everything it will make our life better. 

Today particle physics tells us about the interconnectedness of everything in the universe. Vedic maths does 
the same in its own way. This philosophical quality of Vedic maths will help us to develop a holistic ecological 
approach towards life. Because of these qualities Vedic maths has certain advantages. First the calculation become 
easier. This can be done with less mental energy and consuming less time, but at the same time there is full involvement. 
This is very important calculators to give answers in limited time and with still engaging less mental energy but our 
involvement in the process of calculation is nil.This is highly dangerous in the long run as we lose our ability to 
calculate. Vedic maths on the contrary helps us to sharpen our calculating ability, secondly, because of the simplicity 
and availability of more than one method, the job of calculating becomes easy and interesting. 


In this way if we emphasize on one thing that Vedic maths is not just some tricks of doing mathematical 
calculations, it goes far beyond this and becomes science in itself, beneficial in solving problems related to hi 
mathematics i.e. solution of simultaneous linear equations evaluation of determi gher 
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of cubic and higher order equations, solution of linear and non linear differential equation and partial differential 
equation etc, putting Vedic maths as a science, and not as a pack of tricks and magic this become important. There 


їз a vast scope of research in the subject and with the co-ordinated efforts of scholars in Vedic mathematics, 
Sanskrit and Computer technology, a lot can be achieved. 


The objective of human personality is the realization of true knowledge, in other words it can be said that 
true knowledge can be realized if the difference between the objective component of knowledge generated by 


intellectual component and subjective component of knowledge generated by the emotive component of the individual 
mind is eliminated. 


It may be mentioned that the ancient Indian system of thought is a comprehensive system of the realization 
of true knowledge. so as to attain a state of non-variable happiness. 


The creations of Swamiji has the same spirit — Vedic mathematics given by Swamiji not only solve the 
problem related to mathematics but also develop the personality by including all possible dimensions. According to 
anatomist the left half of the brain systematically collects information does sequential analysis and arrives at logical 
conclusions and results. Only the left half of the brain is activated and developed by the present maths educations 
being given in the schools and colleges. The right half of the human brain works with pattern recognition and has the 
capability of intuition. This most powerful facet of human personality the intuitive faculty, unfortunately, remains 
undeveloped in most of the students. In the Vedic mathematics system, the very first step is to recognize the pattern 
of the problem and pick up the most effective Vedic algorithm. Further at each subsequent step we recognize the 
pattern and complete the task by using the appropriate superfast mental working procedure, because in Vedic maths 


we have multiple choice available at each stage of working. This practice systematically develops the right half of the 
brain as well. Thus Vedic maths activates the brain. 


Swami ji was visionary and his creation also have the same potential. Following his teaching one can attain 
the same hights as visualized by him. Seeking the benediction of Swami Bharti Krishna Tirth, let us come together 
and put a step forward towards the new and clear vision of life for the betterment of society. 


* Dr. N. K. Soni Head, Department of Mathematics , Manda Institute of Technology, Bikaner 
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YES RESEARCH EDUCATIONAL SYSTEMS 
MATHS EDUCATION CONSULTATION SERVICES 


(counseling and training programs for school students and teachers) 


An innovative and interesting BOOK for all: 


"Ram's Easy Way To Learn Mathematics" 
Author: Sri.V.V.N.S.S.Ram, B.Tech 


(This book gives wonderful ideas to everyone, great pleasure 
and creates interest to learn Mathematics easily and also removes fear) 


Office Adress: 
Yes Research Educational Systems 
# 45—512 ГА, Prasanthnagar, Near Moulali Railway Quarters, Hyderabad-40, A.P. India 
# 9440667775, (040) 27060613 
Email: easymathsindiaQ gmail.com 


755 Ancient Indian Mathematicians 
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Briefly About 


Institute of Scientific Research on Vedas 
I- S.E.R.V.E. 


An institution striving hard to unearth the technical details of ancient Indian 
sciences, hidden in Vedic & Post vedic ancient literature 


SALIENT FEATURES 


* Registered as a Charitable Trust with Head Quarters at Hyderabad in June 2004 

* Recognised by DSIR (Govt. of India) as SIRO (Scientific Research Organization) 

* Registered underFCRA, Home Ministry, Govt. of India Regd. No. 010230746, /22-9-2008 

* Donations to I-SERVE are exempted U/s. 80(G)(5)(VI) of the I.T. Act. and also exempted 
U/s. 35(1)(ii) of the I.T. Act, which provides 12596 weighted deduction to the donors 

* National / International /Conferences / Seminars conducted (as on March 2010) -20. 

* Scientific Volumes Published - 8 = Other Publications -15. - Projects completed - 2 

* I-SERVE needs support and charities of like minded Philanthropists 


Chapters 
New Delhi Tirupati 
Incharge, Smt. Sarojbala I.R.S, Incharge, Prof. D. Peramma, 
delhichapter@serveveda.org tirupatichapter@serveveda.org 
hagas b rw ID) OI TXYO4 X EE (C 
CURRENT R&D PROJECTS 


1. Ayurvedic Scientific R&D Projects [(i)Contributions of Nagarjuna in 
the Field of Indian Alchemy (ii) Isolation of compounds and microbial examination of characteristics of 
Strychnios nuxvomica (Vishamusti) for treatment of Diabetes mellitus (iii) Generating evidence base on 
Vataari Rasa for Sandhivaatha (osteo arthiritis) (iv) Medicinal References in Adharvana Veda (v) Anti 
Microbial properties of selected Kashayams (Decoctions & immuno modulatory effect with respect to 
microbial activity) (vi) Medicinal references in Tantrik Literature,translation, evaluation and publication 
(vii) Critical study of Ravana Samhita in treatment of diseases, special reference to Garbhini Chikitsa (viii) 
Bhavishya Purana etc., in the treatment and relief from poisons (ix) Applications of computer search 
Drives for Devanagari Scripts for Sushruta Samhita (x) Project on R&D of Herbal Names and Their 
relevances on Ramayana & Mahabharata Characters (xi) Generating evidence base drug, Medo Vriddhi 
chikitsa (Treatment of Hyperlipdemi)] 


2. Astronomy & Cosmology 3. Ancient Mathematics 4. Dating of 
Ancient Events by Using Scientific Tools 5. Puranas & other 
Classical Works 6. Prediction of Rainfall, Cyclones & Earth 
Quakes by compiling ancient data 7. New Computer Logic 
Based on Panini's Sanskrit Grammar 8. Pasu Sastra 
9. Earth Science & Environment and so on. 


АП donations to I-SERVE may be sent to I-SERVE office or may be deposited into 
AXIS Bank Ltd, Dilsukhnagar Branch, Hyderabad, India. 

A/c. No. 235010100139359 (contributions from India) 

A/c. No. 909010039494633 (Contributions from Abroad) 
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WITH BEST COMPLIMENTS FROM... 


THE CITIZEN COOPERATIVE SOCIETY LTD., 
(A Multi State Co-op Society) 
(Regd. No. MSCS/CS/CR/225/2005) 
CCS а CESAR Me as Model S n Es Govt e: n Pen 
.O: Citizen House, Saroornagar, olony, Hyderabad - ; 
Ph: 040-23460120, 23460122, Fax: 040-23460121 
Website: www.citizensociety.co.in 


$5 58650: speesece Go» Se фео: 
OH cotes 88р oS SÅ oSm 13.50% * u$ oS е5 Spo 
SSH ооу боё. о WBNS HSS ard PDAS Фо 
60 Sonen WAS Prr% zô 05) 65 Son» Hogs 96 ооё Gr. 5000/- e» BDosartHesood 
epse$528 25860 0.50% SA IS mro. * orm Sep ооо одоо. 
бл ugdo 580 5506 ipo Фә ЗЫ Sein 65 806° d аа Si Show өю 
@18.46 сзюёё? SSo0 65 Sood® Show wri. arercrtooose§ of Srardho 559 (rx 

t d» SY Агза» DDS о Si Sáb TDS. 9555) 8560 Sor. 
бле obo. ою 29800 22% BORAX». 


0555) өе фуу S Sey Financial Highlights As on 31.07.2010 


505509 Awn6n 59855 (Rs. іп Lakhs) 
5438 бв Member Ship Exceeds 63500 


31 &e»e {оой 90 Eso S6% 7.50% 7.50% Share Capital 996 
91 S'eo Фой 181 Seo 550 8.50% 850% Deposits 25266 
182 Geo {бой 1бопб SUH 9.50% 9.50% Reserves 1843 
1 боо X08 2 Sono 556 10.50% 11.00% Advances 24695 
2 боор Фой 3 Sore S6% 11.00% 11.50% Working Capital 25557 


3 боф oS 4 Sore Sóc 12.00% Investments 2879 
4 EISE SD ERES 13.00% | Profit for the year 2009-2010 550 
Dividend paid for the year 2009-2010 22% 


m, West Godavari Dist., (08818) 230071 
Godavari Dist., (0884) 2342202 
‘ (08415) 245209 

(0866) 2492552 

(08692) 279988 

(0891) 2793294 

(08694) 273131 

(08742) 253330 

(08772) 2622599 

(08678) 286428 

(0863) 2214588 


RAJAN 
Managing Director 
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With best compliments from 


B.SRINIVASA RAO 


UNIVERSAL INDUSTRIES 


UNDERTAKERS OF ALL TYPES OF PRECISION JOB WORKS 
PLOT NO. 44/B, PHASE-IV , 1.D.A, JEEDIMETLA HYDERABAD — 500055 


B.SRINIVASA RAO 


SAI PRANAV INDUSTRIES 


UNIT NO.7, HAL ANCILLARY, BALANAGAR, HYDERABAD — 500042 
PH: 23771441, FAX — 040 23778220,Mobile: 09246207741 
MAIL : vtew_raju@yahoo.co.in, vasu_741@yahoo.co.in 


With best compliments from 


Taking power far. 
And the nation further. 


Connecting India to a world of opportunities. 


Power a vital enabler of progress; the lifeblood of the technology driven new economy. And, as India’s 
core power transmission utility, POWERGRID is indeed the catalyst of ail- round national development - carrying 
progress across the nation. 


Drawing upon its rich repository of expertise, POWERGRID has literally powered its way into the highly specialized domain 
of international projects consultancy and turnkey support. Lighting up new horizons, with expertise. 


Power of being @ne of the Largest & W heels 50% Environmental social Rote in GO!'s 
Central Transmission Best Managed of the Power policy & procedures nation building 
Utility (CTU) Transmission Utilities Generated for sustainable schemes APDRP 
of the country. in the world. in India. growth. and RGGVY. 


F rowth in inter region | R obust Network of | Cf ncredible Transmission System | CF iversification in 


power transmission. 77,000 ckm lines. 


Availability of over 99.77% Telecom Sector. 


POWER GRID CORPORATION ОЕ INDIA LIMITED 


(A Government of India Enterprise) 


"Saudamini", Plot-2, Sector-29, Gurgaon, Haryana-122 001 (India) 
www.powergridindia.com 08 3 
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With Best Compliments From 


Nischal Narayanam 


Master Nischal Narayanam is a child prodigy from India, a Double 
Guinness World Record holder, one of the 7 brilliant brains of the world 
nominated by National Geographic channel, world's youngest 
entrepreneur and the mentor of an international company - Nischal's 
Smart Learning Solutions Pvt. Ltd., World Memory Champion (kids), 
author of volumes of books on school mathematics, designer and 
developer of a unique mathematics laboratory, National Child Awardee 
(Gold medal) for his exceptional achievement, Ganitasatavadhani 
(handling 100 answer seekers simultaneously in the subject of Nischal Narayanam 
mathematics — the rarest feat in mathematics) and promoter of literacy 
through Nischal Foundation and Nischal Ganitavadhana Peetham. 


Nischal Math Lab S 


1974 

US 
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1 Я Nischal 

Nischal Math Ala-carte Math Dictionary Primary Nischal Multi-link cubes Nischal Abacus 


uischal’s 

smart learning solutions pvt. ltd. 

orent" access to excel... 
An International company, outcome of Nischal's passion and compassion, started 
with the mission to provide innovative educational concepts and products that help 
one and all perform to their potential. NSLS focuses especially on maths to tackle 
math phobia and to establish a strong foundation in students. ‘Nischal Math Lab’ is 
being used in more than 50,000 schools across the globe. 


